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STATEMENT OF ORIGINALITY 
The work presented in this thesis is, to the best of my knowledge and belief, original 
and my own work, except as acknowledged in the text. This material has not been 
submitted in whole or in part for a degree at this or any other university. 
Michael David Humphrey 
ABSTRACT 
In 1990, pregnancy outcomes for Aboriginal women in Far North Queensland, 
particularly those living in remote communities, were significantly inferior to those of 
Caucasian women in the region, and the opportunities for remote indigenous women 
to access specialist obstetric and gynaecological care were minimal. The Cairns Base 
Hospital Department of Obstetrics and Gynaecology was improved by the 
development of a high quality training unit for junior medical staff, with clear and 
adequate supervision by specialist staff, by the development of clear protocols of care 
for the maternity unit, surrounding community hospitals and remote area health 
centres, and by the development of a comprehensive specialist outreach program 
(FROGS). Obstetric risk scoring was studied as a means of best allocating care 
resources, and an obstetric outcome score was developed and piloted to attempt to 
improve clinical audit of the entire childbirth process. The introduction of a 
computerised obstetric database at Cairns Base Hospital allowed a retrospective study 
of pregnancy and its outcomes in Aboriginal women. An appropriate perinatal 
mortality review processes, both at Cairns Base Hospital and throughout the region, 
was developed. These matters are detailed in Part 1 of this thesis. 
The birthweight distribution in Aboriginal births was found to be clearly different to 
that in Caucasian births, with a significantly higher number of low birthweight babies 
7 
being bom to Aboriginal women. The gestational distribution in Aboriginal births 
also appeared different. However, in view of the high incidence of uncertainty 
regarding gestational age in Aboriginal pregnancies, these matters needed to be 
confirmed by a prospective study. 
This prospective study (part 2 of this thesis) examined two null hypotheses: 
1. That the average gestation at birth and the incidence of preterm birth in 
Aboriginal people is the same as that in Caucasians. 
2. That the intrauterine fetal growth pattern of the Aboriginal fetus is the same as 
that in Caucasians. 
Aboriginal women were recruited in four Cape York communities, and a Caucasian 
reference group was recruited from the public antenatal clinic of Cairns Base 
Hospital. These women had no apparent risk factors for preterm birth or for fetal 
growth abnormalities. 
There were unavoidable epidemiological differences between the Aboriginal and 
Caucasian groups of women. The Aboriginal neonates were almost 450 g lighter than 
their Caucasian counterparts. Though the mean gestational ages of the two groups 
differed by 4 days, testing for equality of survival distributions confirms that the 
gestation-at-delivery distribution of the two groups is not significantly different. 
It is clear from this study that prematurity is not the most significant cause of low 
birthweight birth in Aboriginal people. The Aboriginal fetus is particularly influenced 
by maternal BMI and alcohol use, whilst the Caucasian fetus is affected by maternal 
BMI, tobacco use and maternal age. 
Minor differences in Aboriginal and Caucasian growth curves in biparietal diameter, 
abdominal circumference and femur length do not have any clinical significance. 
Therefore, there is no reason to use separate fetal "growth"" charts when examining 
Aboriginal fetal growth. Currently validated fetal "growth"" charts, such as the ASUM 
charts, are appropriate for use in Aboriginal pregnancies. 
When the information from this study is examined in relation to possible 
interventions that may be put into place to attempt to actively lower the incidence of 
low birthweight birth in Aboriginal pregnancies it is clear that issues of improved 
pregnancy care of individual women are the important issues, rather than medical 
interventions aimed at reducing the likelihood of preterm labour which have been 
suggested in the past. Culturally appropriate pregnancy care and social support 
(particularly in relation to improved nutrition and harm minimisation programs) must 
target the effects of poor nutrition and excessive alcohol use if the excessive 
incidence of low birthweight birth in Aboriginal people is to be reduced. 
These suggested changes are best brought about from within Aboriginal society, with 
support and training being provided by healthcare professionals with appropriate 
cross-cultural attitudes and training, rather than by externally based health services. 
Such programs are most appropriately centered on female Aboriginal healthworkers 
who have been selected by their community for this function. The funding of such 
programs must become a national priority if neonatal and subsequent childhood and 
adult morbidity and mortality patterns in Aboriginal people are to be significantly 
improved. 
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CHAPTER 1 
INTRODUCTION 
In 1990, the author was appointed as Director of Obstetrics and Gynaecology at 
Cairns Base Hospital, with an implied responsibility for specialised women" s 
healthcare throughout the, then. Peninsula and Torres Strait Health Region of Far 
North Queensland. Historically, pregnancy outcomes for indigenous women in this 
region, particularly those living in remote communities, were significantly inferior to 
those of Caucasian women in the region, and the opportunities for remote indigenous 
women to access specialist obstetric and gynaecological care were minimal. 
This thesis examines the development of a research based clinical service to provide 
appropriate antenatal care to the remote Aboriginal women of Far North Queensland. 
This service aimed to improve the pregnancy outcome and reduce the unacceptably 
high perinatal mortality and morbidity rates in these people. 
FAR NORTH QUEENSLAND PRIOR TO 1990 
The Peninsula and Torres Strait Health Region covered 334.799 square kilometres, 
from the islands of the Torres Strait in the north to Cardwell in the south, and to 
Croydon in the west (Fig. 1.1). It functionally centred around the city of Caims. In 
April 1996 health regions were abandoned, and the Peninsula and Torres Strait Health 
Region was divided into five health districts (equivalent to the five sectors of the 
region); nevertheless, these health districts still function as an effective group. 
The 1991 census' estimated the population of the region to be 189,5400 (permanent 
residents), and this permanent resident population is expected to increase to 235,088 
by the year 2001^. 13.1% of the population at the 1991 census were Aboriginal or 
Torres Strait Islander people, and this represented 34.1% of the total Queensland 
Aboriginal and Torres Strait Islander population. 
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Fig.l .1: The Peninsula and Torres Strait Health Region of Far North Queensland 
Health services in the region are centred on the Cairns Base Hospital, which provides 
the only specialist services in the region, and is the only level III referral hospital. 
Medically staffed hospitals at Atherton, Cooktown, Innisfail, Mareeba, Mossman, 
Thursday Island and Weipa provide level I / II care, and care based on remote area 
nurses and visiting medical officers is provided at fourteen other health centres 
scattered over the region. Patients living outside Caims who require specialist 
services may access the Patient Transfer Assistance Scheme (PTAS) for travel and 
accommodation costs to travel to Cairns (or another appropriate nearest centre) for 
care. 
Indigenous women from the remote communities of Cape York were cared for, 
antenatally, by the community health centre remote area nurses (many of whom did 
20 
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not have midwifery training), with medical care provided by the Royal Flying Doctor 
Service (RFDS). The RFDS medical staff had varying degrees of training in 
pregnancy care and ultrasound, and held half-day general practice clinics in the 
communities once per fortnight to twice per week depending upon the size of the 
community. These clinics were often significantly overloaded. Many indigenous 
women did not attend for antenatal care or only attended infrequently at the end of 
their pregnancy. 
At 36 weeks gestation (or earlier if the pregnancy was complicated) these remote 
indigenous women were evacuated to Cairns to await the birth of their baby. Several 
indigenous hostels of varying standard provided accommodation for the women in the 
Caims area, and antenatal care, at this time, was provided at the Cairns Base Hospital. 
Approximately 3000 births occurred in the region each year in the 1990s, and almost 
25% of these births were to indigenous women. The perinatal mortality rate in the 
region was higher than the national average, and indigenous people were significantly 
over-represented in these statistics. The three years 1987 to 1989 (the years 
immediately prior to the author taking up the Cairns post) are the first that reliable 
statistics are readily available from the Health Information Centre of Queensland 
Health, and perinatal mortality data from these years"" are shown in Tables 1.1 and 
1.2. These data are based on the Queensland legal definitions of perinatal mortality in 
which all deaths are reported of a fetus of at least 400g birthweight or 20 weeks 
gestation. (It is not possible to separate the data in this series to comply with the 
World Health Organisation recommendation of reporting on deaths of at least 500g 
birthweight or 22 weeks gestation, which is used by the Australian Bureau of 
Statistics, the Australian Institute of Health and Welfare National Perinatal Statistics 
Unit, and most other states in Australia.) 
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Table 1.1: Perinatal Mortality Rates. Caims Base Hospital and Peninsula & Torres 
Strait Health Region, 1987 to 1989 (Perinatal Data Collection 1987-1995, Health 
Information Centre, Queensland Health.) 
TOTAL 
1987 
INDIGENOUS 
1987 
NON-INDIGENOUS 
1987 
TOTAL 
1988 
INDIGENOUS 
1988 
NON-INDIGENOUS 
1988 
TOTAL 
1989 
INDIGENOUS 
1989 
NON-INDIGENOUS 
1989 
CAIRNS BASE 
HOSPITAL 
SBR 
8.9 
12:1354 
7.2 
3:414 
9.6 
9:940 
7.7 
10:1297 
13.2 
5:378 
5.4 
5:919 
7.6 
10:1308 
16.4 
6:366 
4.2 
4:942 
NNMR 
9.7 
13:1342 
9.7 
4:411 
9.7 
9:931 
8.5 
11:1287 
13.4 
5:373 
6.6 
6:914 
7.7 
10:1298 
16.7 
6:360 
4.3 
4:938 
PNMR 
18.5 
25:1354 
16.9 
7:414 
19.1 
18:940 
16.2 
21:1297 
26.5 
10:378 
12.0 
11:919 
15.3 
20:1308 
32.8 
12:366 
8.5 
8:942 
PENINSULA & TORRES 
STRAIT REGION 
SBR 
7.1 
21:2974 
13.5 
9:667 
5.2 
12:2307 
6.6 
20:3042 
17.6 
11:625 
3.7 
9:2417 
4.8 
15:3106 
12.9 
9:697 
2.5 
6:2409 
NNMR 
8.1 
24:2953 
12.2 
8:658 
7.0 
16:2295 
5.6 
17:3022 
11.4 
7:614 
4.2 
10:2408 
6.8 
21:3091 
20.3 
14:688 
2.9 
7:2403 
PNMR 
15.1 
45:2974 
25.5 
17:667 
12.1 
28:2307 
12.2 
37:3042 
28.8 
18:625 
7.8 
19:2417 
11.6 
36:3106 
33.0 
23:697 
5.4 
13:2409 
SBR: Stillbirth Rate (per 1000 births) 
NNMR: Neonatal Mortality Rate (per 1000 live births) 
PNMR: Perinatal Mortality Rate (per 1000 births) 
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Table 1.2: Perinatal Mortality Rates, Queensland and Australia. 1987 to 1989 
(Perinatal Data Collecfion 1987-1995, Health Information Centre, Queensland 
Health.) 
TOTAL 
1987 
INDIGENOUS 
1987 
NON-INDIGENOUS 
1987 
TOTAL 
1988 
INDIGENOUS 
1988 
NON-INDIGENOUS 
1988 
TOTAL 
1989 
INDIGENOUS 
1989 
NON-INDIGENOUS 
1989 
QUEENSLAND 
SBR 
5.7 
223:39286 
11.7 
22:1877 
5.4 
201:37409 
5.9 
241:41123 
17.3 
29:1679 
5.4 
212:39444 
5.4 
232:42859 
12.5 
24:1926 
5.1 
208:40933 
NNMR 
5.7 
221:39063 
8.6 
16:1855 
5.5 
205:37208 
4.4 
179:40882 
10.3 
17:1650 
4.1 
162:39232 
4.6 
194:42627 
10.5 
20:1902 
4.3 
174:40725 
PNMR 
11.6 
454:39286 
20.2 
38:1877 
10.9 
406:37409 
10.2 
420:41123 
27.4 
46:1679 
9.5 
374:39444 
9.9 
426:42859 
22.8 
44:1926 
9.3 
382:40933 
AUSTRALIA 
PNMR 
10.6 
10.7 
9.9 
SBR: Stillbirth Rate (per 1000 births) 
NNMR: Neonatal Mortality Rate (per 1000 live births) 
PNMR: Perinatal Mortality Rate (per 1000 births) 
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Of the 118 perinatal deaths in the Peninsula and Torres Strait Health Region in the 
years 1987 to 1989, 49,2% (58 of 118) were indigenous babies, though only 21.8%) of 
the babies bom were indigenous. The relative risk of an indigenous baby dying in the 
perinatal period, when compared with a non-indigenous baby, was 3.47 (95%) 
confidence limits 2.42 - 4.96; p<0.00001). 
In the same period, 13.9% (277 of 1989) of indigenous babies were of low 
birthweight (weighed less than 2500g), whilst only 5.8% (416 of 7133) of non-
indigenous babies were of such low birthweight. The relative risk for an indigenous 
baby to be bom at a low birthweight, when compared with a non-indigenous baby, 
was 2.39 (95% confidence limits 2.07 - 2.76; p<0.00001). 
THE VISION 
It appeared, to the author, that the poor outcome for pregnant indigenous women in 
this region was related to inadequate care and to the high incidence of low birthweight 
births (<2500g). 
In consultation with the Chief Executive Officer of Cairns Base Hospital (Dr W J 
Smith) and the Peninsula and Torres Strait Health Regional Health Authority, a plan 
was developed to undertake regular Obstetric and Gynaecology specialist clinic visits 
to the majority of the health facilities in the region (the Far North Queensland 
Obstetrics and Gynaecology Service - FROGS). This service would be funded by 
savings to the Patient Transfer Assistance Scheme, and would be designed to provide 
a degree of equitable access to the specialist antenatal care that is freely available to 
all metropolitan women. 
Consistent care of pregnant women in the regional health facilities and, particularly, 
in Cairns Base Hospital was needed, to overcome any systematic cause of the poor 
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perinatal outcome being experienced in Far North Queensland (particularly by 
indigenous women). 
A search of the literature regarding indigenous birth outcomes showed that there was 
no prospective information, and little retrospective information, available to shed 
light on the cause of the high incidence of low birthweight birth. There was some 
evidence that most of the excessive incidence of perinatal death in Aboriginal babies 
occurred in the low birthweight group of babies. As elucidation of the cause of this 
high incidence of low birthweight birth must occur before any interventions can be 
considered to lower this harmful outcome, an adequate perinatal database needed to 
be designed and a prospective study of the gestational and growth characteristics of 
indigenous fetuses undertaken. 
THE PROBLEMS 
It was an imperative that the Cairns Base Hospital Department of Obstetrics and 
Gynaecology be developed as a highly functional unit capable of dealing with the 
excessive incidence of high risk pregnancies, and their complications, found in the 
indigenous women of the region; the ability to undertake appropriate clinical and 
epidemiological research into the poor perinatal outcomes was an essential element of 
this unit development. At the beginning of 1990, specialist staffing of the unit 
consisted of one full-time staff specialist / director (the, just appointed, author) and 
three visiting medical officer specialists each contributing one half-day per week. 
Adequate training of junior staff was also an imperative, to increase the number of 
qualified general practitioner obstetricians capable of providing quality care in the 
level I / II hospitals and in the Royal Flying Doctor Service. At the beginning of 1990, 
one specialist obstetric and gynaecology training registrar and two principal house 
officers staffed the unit, with no ongoing training program. 
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Clinical management in the Birth Suite and the Maternity Unit was uncoordinated and 
haphazard, and no protocols or care guidelines were available to the junior medical 
staff and the midwifery staff, despite their relatively poor standard of supervision and 
training. Similarly, there were no agreed transfer or pre-transfer guidelines in place in 
the regional level I / II hospitals. "Shared antenatal care" was practised by the local 
general practitioners without guidelines, controls or review. Communications 
between the Caims Base Hospital Department of Obstetrics and Gynaecology and the 
referring sources (regional hospital staff general practitioners. Royal Flying Doctor 
Service staff, and remote area nurses) was minimal and of poor quality. 
Though the high risk nature of the population and the poor outcomes were basically 
recognised within the region, there was no available database regarding details of care 
or outcome on which clinical or management decisions could be based. There was no 
attempt to prioritise pregnancy care with regard to risk status, and many of the most 
high-risk women in the remote communities were cared for by those with least 
training. 
Clinical audit was restricted to registrar generated three monthly reviews of perinatal 
deaths occurring at Cairns Base Hospital, and a high quality perinatal mortality and 
morbidity review at one regional hospital (Atherton Hospital). 
Care of pregnant women was entirely reactive, with no attempts at clinical or other 
research into the causes or prevention of the high incidence of morbidity and 
mortality. The assumption that poor living conditions, inadequate hygiene and diet, 
and excessive intake of nicotine and alcohol in the indigenous inhabitants of the 
region were responsible for the high incidence of low birthweight birth by causincr 
intrauterine fetal growth restriction, and were not easily altered, governed clinical 
practice. 
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THE PLAN 
The ensuing chapters will describe: 
• the development of a computerised obstetric database at Caims Base Hospital 
which would facilitate clinical audit and automatically produce discharge letters 
and case summaries. 
• study of the cause(s) of the excess incidence of indigenous low birthweight birth 
by literature review and retrospective data examination. 
• a concerted attempt to cause the Caims Base Hospital Department of Obstetrics 
and Gynaecology to provide level III obstetric care by the development of a high 
quality training unit for junior medical staff, with clear and adequate supervision 
by specialist staff 
• the development of clear protocols of care for the Cairns Base Hospital maternity 
unit and for surrounding level I / II units and remote area heahh centres. 
• the development of a comprehensive specialist outreach program (FROGS) 
• the study of obstetric risk scoring as a means of best allocating care resources, and 
the development of an obstetric outcome score to attempt to improve clinical audit 
of the entire childbirth process. 
• development of adequate perinatal mortality review processes, both at Cairns 
Base Hospital and throughout the region. 
• prospective clinical research into Aboriginal fetal growth and gestational 
characteristics. 
The development, introduction and study of future interventions, and research into 
Torres Strait Islander fetal growth and gestational characteristics, are outside the 
scope of this thesis. 
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CHAPTER 2 
DEVELOPMENT OF FAR NORTH QUEENSLAND 
OBSTETRIC SERVICES 
Four main issues related to the state of specialist and non-specialist medical care of 
pregnant women were clearly obvious in 1990: 
• The staffing of the only level III obstetric unit in the region (at Caims Base 
Hospital) was inadequate for the required functions of a referral specialist service 
for the region's women. 
• Remote and indigenous women were significantly disadvantaged in their ability to 
access specialist obstetric and gynaecologic care. 
• Non-specialist doctors provided much of the obstetric care in the region with little 
or no post-graduate training in obstetrics. 
• There was little information available to healthcare providers in the region 
regarding contemporary, evidence-based management of pregnancy and its 
complications. 
These issues needed to be dealt with in a systematic fashion if a better outcome was 
to be achieved for the regions pregnant women, and their babies. 
CAIRNS BASE HOSPITAL AND OUTREACH SERVICE DEVELOPMENT 
As mentioned in the introduction, the Peninsula & Torres Strait Health Region of Far 
North Queensland is an area of almost 335,000 square kilometres, which is inhabited by 
approximately 190,000 people. 91.5% of these people are concentrated within a 100 
kilometre radius of the city of Caims, on the region's southeastem coast. The 
remainder, though widely scattered, are mostly concentrated in or around several small 
towns or aboriginal communities in Cape York, and in the Torres Strait group of islands 
centred functionally around Thursday Island. 
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Approximately half of the public births in the region (1600 plus) occur at the 376 bed 
Caims Base Hospital. More than 50% of these pregnancies having one or more 
significant complications, more than 25%) occurring in women less than 21 years of age, 
approximately 12% leading to the birth of babies less than 2500 gm, and almost 5% 
ending before 34 weeks gestation. 
Women from the remote communities travel to Caims Base Hospital (or other nearby 
hospitals) or to Thursday Island Hospital to await confinement. Late presentation with 
little or no antenatal care is a significant problem and is associated with a higher than 
average perinatal mortality and morbidity and matemal morbidity rate. 
Gynaecological presentations are characterised by late presentation, gross disease with 
pelvic sepsis frequently superadded, and poor compliance with screening programs for 
cervical dysplasia and sexually transmitted disease. 
For many of the people living remote from Caims, air travel is the only feasible form of 
transport, and even this may be impossible at times in the wet season, particularly in 
association with cyclonic activity. 
In 1991 Patient Travel Service records showed that more than $180,000 was spent in 
Cape York and the Torres Strait, on transport of women throughout the region to gain 
outpatient Obstetric or Gynaecological consultation alone. This figure does not take into 
account the cost of transporting women to Caims for confinement or for gynaecological 
admission. At this time the Obstetric and Gynaecological service at Caims Base 
Hospital was provided by one full time specialist (the author), three visiting medical 
officer specialist sessions, and three junior medical staff (one an MRACOG trainee). 
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As an attempt to address the medical and cost problems alluded to above, and to address 
issues of equity in access to health care, an outreach service in Obstetrics and 
Gynaecology was conceived in 1991'^ . It was not feasible to provide permanent 
inpatient specialist facilities elsewhere in the region. 
An extra full-time specialist salary, the use of a hospital vehicle for travel to five closer 
regional hospitals, regular passenger aircraft transport to three regional centres, light 
aircraft charters to a fiarther seven communities and a will to be innovative were 
required to develop an outreach service. Equipment requirements included a portable 
ultrasoimd scanner and video printer ($24,900), a portable colposcope ($2,800). a 
diathermy unit, and various small items such as cervical punch biopsy forceps. In 
providing the necessary increase in finding (salary, travel and equipment costs) 
Queensland Health required the service to be shown to be cost neutral, as seen by an 
appropriate reduction in Patient Travel Scheme accounts for Obstetrics and 
Gynaecology outpatient attendance to Caims Base Hospital. 
The service was named FROGS (the Far-North Regional Obstetrics and Gynaecology 
Service). In preparation for the introduction of FROGS the author visited each of the 15 
targeted communities to consult with healthcare personnel and, where appropriate, 
community councils, to determine the likely work load and, hence, the necessar\' 
frequency of visits. The subsequent visiting roster involved 3 of each 5 weekly working 
days, leaving 2 working days for the two staff specialists to work together at Caims 
Base Hospital. Since 1997 the number of sites visited has grown to 20. 
Whilst patient numbers were low at first visit in some centres, the FROGS service had 
1759 patient contacts in 141 outreach days in the first year of operation. Included in this 
were 122 women who had ultrasound scans for pregnancy dating, fetal growth studies, 
or assessment of pelvic masses, 256 women who required colposcopy for abnormal 
cervical cytology or as part of abnormal cervical cytology smear follow-up, 78 women 
who had operative procedures varying from uterine dilatation and curettage or cervical 
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loop excisional biopsy to hysterectomy, and a further 189 women who were wait-listed 
for operation at Caims Base Hospital (Table 2.1). 
Table 2.1: FROGS 
Facility visited 
Atherton 
Aumkun 
Coen 
Cooktown 
Georgetown 
Innisfail 
Kowanyama 
Lockhart River 
Mareeba 
Mossman 
Pormpuraaw 
Thursday Is. 
& Bamaga 
Weipa 
& Napranum 
Yarrabah 
Total 
services in the first twelve months (April 1992 - March 199 
Da\s 
13 
7 
^ 5 
U 
-> 
12 
7 
4 
12 
12 
4 
20 
•^n 
11 
HI 
Patient 
contacts 
183 
81 
37 
184 
46 
162 
96 
40 
163 
120 
48 
255 
193 
151 
1759 
Ultra 
sounds 
21 
7 
36 
12 
9 
14 
23 
p i 
Colposcopies 
37 
19 
1 
28 
1 
21 
U 
7 
M 
12 
40 
33 
20 
256 
Operations 
1 
1 
1 
5 
7 
44 
19 
78 
3) 
CBH 
Wait-list 
19 
6 
1 
20 
15 
39 
6 
4 
18 
23 
2 
1 
9 
26 
189 
When the cost of these patient contacts were established, an estimated $477,037 was 
saved by these visits in the first twelve months compared with transport to Caims 
(Table 2.2). 
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Table 2.2: Projected cost of travel for outpatient / inpatient attendance from outreach 
sites to Caims Base Hospital, as an altemative to FROGS attendance. 
Facility visited 
Atherton 
Aumkun 
Coen 
Cooktown 
Georgetown 
Irmisfail 
Kowanyama 
Lockhart River 
Mareeba 
Mossman 
Pormpuraaw 
Thursday Is. 
& Bamaga 
Weipa 
& Napranum 
Yarrabah 
Total 
#1($) 
15 
562 
440 
264 
540 
15 
446 
442 
15 
15 
498 
532 
418 
15 
+ 
+ 
-i-
+ 
+ 
+ 
+ 
+ 
+ 
#2($) 
30 = 
30 = 
30 = 
30 = 
30 = 
30 = 
30 = 
30 = 
30 = 
#1 = Cost of appropriate public transport 
#2 = Cost of one night accommodation in 
#3 = Total cost of 
#3($) 
592 
470 
294 
570 
476 
472 
528 
562 
448 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Number of 
patients 
183 
81 
37 
184 
46 
162 
96 
40 
163 
120 
48 
255 
193 
151 
1759 
Caims (where necessary) 
one patient being seen in outpatients 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
Total cost ($) 
2,745 1 
47,952 
17,390 
54,096 
26,220 
2,430 
45,696 
18,880 
2,445 , 
1,800 
25,344 
143.310 
86.464 ! 
1 
2,265 
477,037 
at Caims Base Hospital 
The total cost of the service in the first twelve months was $147,157 (Table 2.3). Thus 
a net saving of $329,880 ($477,037 - $147,157) occurred in 12 months, or $2,340 per 
outreach day. 
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Table 2.3: Cost of first twelve months of FROGS service. 
Portable ultrasound 
Portable colposcope 
Staff travel and accommodation costs 
Staff specialist salary 
Total cost 
$24,900 
$2,800 (donated) 
$35,241 
$84,216 
$147,157 
In human terms, the service has been received very warmly, with patient attendances to 
each outreach clinic increasing over the course of the first year. There has been a clear 
reduction in the number of women appearing in Caims for confinement with no 
antenatal care, or with totally uncertain gestation, and chapter 5 details the changes in 
perinatal mortality which have occurred. Changes in gynaecological morbidity and 
mortality will take longer to measure. 
The major area of contention in the development of this service has been the criticism 
that, if it had not been provided and the women had to take the altemative of travelling 
to Caims, many would not have accessed specialist care. Thus, it may be said, that the 
net cost savings above may be overestimated. 
13% of the women living in this region are Aboriginal or Torres Strait Islander people. 
More than 50% of our outreach contacts are with Aboriginal women who are very shy 
and reluctant to access care in relation to "Women's business". Only 30.9% of the 
patient contacts would have been necessary to make the service cost neutral and, given 
the nature of our patients, it is hard to believe that 69.1% of the contacts would not have 
otherwise occurred. 
All people in Australia have an equal right to access specialist health care, and it is 
highly likely that criticisms of excess use of specialist services are more likely to be 
valid in metropolitan areas than in areas such as Cape York. In particular, it is very hard 
for a mother to spend several days away from home to gain a specialist consultation 
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(rather than an hour in the car) and so, a very effecti\e argument may be mounted 
towards positive discrimination to provide equitable and accessible specialist health 
care for remote women. 
The development and ongoing functioning of this service has shown that outreach 
specialist services to remote people are not only feasible, but affordable, effective and 
equitable. 
JUNIOR MEDICAL STAFF TRAINING 
During the 1980s the Royal Australian College of Obstetricians and Gynaecologists 
(RACOG) had accredited Caims Base Hospital as a teaching hospital for one year of 
the pre-MRACOG specialist training program, and for the DRACOG training 
program for general practitioners with an obstetric interest. This accreditation had 
been withdrawn, due to inadequate specialist supervision levels, prior to the author 
taking up the Cairns Director of Obstetrics and Gynaecology post in 1990. The result 
of the withdrawl of such accreditation was that the Cairns Base Hospital Department 
of Obstetrics and Gynaecology was unable to attract good quality junior medical staff, 
and there was no local ability to appropriately train regional hospital medical staff in 
obstetric skills appropriate to relatively isolated practice. 
Negotiation with the three private specialists in Caims gained their support 
reappointment to their previous visiting medical officer (VMO) roles. Subsequently, 
an application to the RACOG for reassessment as a training institution was 
successful. In 1991 the unit staffing included one pre-MRACOG specialist trainee 
and one DRACOG trainee. 
Over the following five years further successful funding and accreditation cases were 
put forward which led to the junior medical staffing of the unit increasing to eight 
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trainees: 
• One post-MRACOG final year specialist trainee (a Fellow in Rural Obstetrics and 
Gynaecology, whose training includes elements of remote area care, 
undergraduate and postgraduate teaching, and research). 
• One pre-MRACOG trainee. 
• One Papua New Guinea pre-Master of Medicine (M.Med.) specialist trainee 
(AusAid funding withdrawn end 1999) 
• Five rural doctor trainees undertaking advanced obstetric skills training. 
Supervision and training of these trainees increased from one full-time specialist and 
three VMO sessions per week in 1990 to two full-time specialists (as mentioned 
above, in the development of the FROGS program) and four VMO sessions in 1992. 
In 1997 the North Queensland Clinical School of The University of Queensland 
established its inaugural chair in Obstetrics and Gynaecology at Cairns Base Hospital 
(the author), and a lecturer / senior lecturer was appointed in 1999. In 2000, the North 
Queensland Clinical School became the clinical nucleus for the new James Cook 
University School of Medicine. 
Training Curriculum for Obstetrics in Rural Practice 
In 1991, the author became part of the obstetrics curriculum working group of the 
Joint Consultative Committee (JCC) of the RACOG and the RACGP (Royal 
Australian College of General Practitioners). This group worked as part of a Rural 
Medicine Curriculum Design Project, funded by the Rural Health Support, Education 
and Training Grants Program of the Department of Health, Housing and Community 
Services, to develop appropriate an vocational training program for general 
practitioners intending to enter independent practice in a rural setting\ Such 
practitioners, if intending to be involved in procedural obstetrics, need very different 
training to general practitioners intending to practice in a metropolitan environment, 
with easy access to specialist assistance - the practitioners to whom the DRACOG 
training program at that time was oriented. 
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The curriculum^ is focused on the principles of assessment, the balancing of risk 
factors to both mother and fetus, and the management of common obstetric and 
gynaecological skills. Central to the proposed training program is the development of 
an understanding of the skill limitations of the individual (who will, of necessity, be 
isolated from specialist supervision) and of the rural health institution in which the 
individual is to work, and issues relating to referral and transfer over long distances. 
The resulting curriculum, and training program, was trialed at Caims Base Hospital, 
in association with the Department of General Practice and Rural Health of the North 
Queensland Clinical School of the University of Queensland. Subsequently, the 
program of training and candidate assessment refined in North Queensland has been 
adopted by the JCC for all obstetrics advanced rural training in Australia (Appendix 1) 
PROTOCOL DEVELOPMENT 
Clinical care in the Caims Base Hospital matemity unit, in 1990, was fragmented and 
largely at the discretion of training registrars in telephone contact with visiting 
medical officer specialist obstetricians. Trainees were confused about the basis of 
management decisions and had to consult the on-call specialist roster before deciding 
upon the plan of management of a problem; choice of a management plan preferred 
by a different specialist to the on-call specialist often brought an angry response rather 
than helpful discussion. Several trainees had resigned their posts rather than remain in 
such an unsatisfactory learning environment, midwifery staff were confused, and 
patient care was suffering as a consequence of these problems. 
The author, therefore, wrote a protocol manual for the Caims Base Hospital Obstetric 
department. Where possible, the manual advised care agreed to by the author and the 
visiting medical officer specialists, but the over-riding requirement was that the 
individual protocols be based upon the best evidence available, at that time, in the 
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literature. The protocol manual was guide to management, and individual patient's 
requirements and specialisf s wishes could still be accommodated. As evidence in the 
literature changed, so individual protocols were updated. 
The protocol manual was written with the function of a level III referral obstetric unit 
in mind, as this was the role that Queensland Health required of the Caims Base 
Hospital Obstetrics department. However, there was a rapid series of requests from 
the surrounding level I and level II maternity units for copies of the manual, to guide 
their management. Whilst this development did standardise the regional care to some 
extent, it did lead to occasional inappropriate care decisions being made in these level 
I and level II matemity units, by relatively inexperienced doctors and midwives who 
did not appreciate that the protocol manual had been written for a unit with different 
skill levels to their own. 
The author, subsequently, published an expanded version of the protocol manual, 
covering all the obstetric subjects mentioned above in the Training Curriculum for 
Obstetrics in Rural Practice ''. This text was deliberately written in a short style 
which allowed it to be used in a similar fashion to the protocol manual, whilst 
indicating places where care requirements changed with situation. It was also 
deliberately written with the advanced obstetrics skills rural trainee in mind, both 
during training and in subsequent independent practice. 
SYNTHESIS 
The special requirements of remote and disadvantaged women in the region were 
addressed by the development of an extensive specialist outreach program to remote 
communities, a training program specifically designed to address the requirements of 
isolated rural doctors practicing obstetrics, and an evidence-based protocol driven 
care program. 
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CHAPTER 3 
OBSTETRIC DATABASE 
DEVELOPMENT OF THE OBSTETRIC DATABASE PROGRAM 
Introduction 
In 1980, at Queen Victoria Medical Centre in Melbourne, the author and a 
paediatrician (Dr Reuben Glass) received a grant from that centre's research 
committee to investigate computerisation of obstetric data, leading to a database 
which would be useful for obstetric audit purposes. 
Prior to this time. Queen Victoria Medical Centre undertook infrequent and irregular 
audits of specific subjects by hand written proformas. This depended on the 
willingness of all clinicians to fill out the proformas (ie. to undertake more 
paperwork) and on the enthusiasm of a small number of individuals to collate the 
data. Compliance was poor, feedback of results was slow, and these studies tended to 
concentrate only on gross epidemiological data rather than being capable of producing 
answers to clinical questions. Computerisation, at that time, meant large room based 
computers which employed batch processing methods. 
In 1981 an NEC 8-bit personal computer, utilising the CP/M-80 t) operating system. 
64 MB of random access memory and two 8" floppy discs was obtained, and a 
program written in Microsoft ® Basic was developed by Dr Glass and the author^ to: 
• provide a readily accessible computerised database of all births at Queen Victoria 
Medical Centre, for medical audit and research purposes. 
• automatically produce letters to referring doctors and discharge summaries for the 
medical record, from the input data. 
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The data was stored in a standard ASCII file, and data retrieval and analysis in 1982 
and 1983 was performed using a customised version of a proprietary commercial 
software package (FMS-80 ®). This package, though the best available at the time, 
was time consuming and tedious; the alternative would have been to use a mainframe 
computer for analysis, but this was resisted as it would have extended the "feedback 
loop". 
Several computer-based systems for production of an obstetric database and report 
were reported at MedInfo83 in Amsterdam^ and at a symposium 'The Computer in 
Obstetrics and Gynaecology' in Cambridge in 1986'°. Both mainframe and 
microcomputer hardware systems were, and have since, been described, but few have 
seen the clinical service with production of re'gular obstetric audits that this program, 
and its" descendants, have. ~ " 
In 1984 relational databases started becoming commercially available, and the 
program was therefore rewritten in DATAPLEX ®. This version ran on a 16-bit 
machine with 256 MB of random access memory and the CP/M-86 ® operating 
system. DATAPLEX ® simplified retrieval of classes of information and, utilising a 
"point and shoot" subprogram ("Query") allowed computer novices to handle their 
own queries with ease. "Help" screens, data validation checks and range limits, a 
facility for the computer novice to revise incorrect answers, and password protection 
to the "Query" facility and to the data file were also added. 
With the exception of a forced change to the MS-DOS 'I) operating system, this 
program continued to operate in that format, under the author's supervision, until the 
author left Monash Medical Centre (formerly Queen Victoria Medical Centre). Data 
entry was performed by the resident medical staff (public medical-care patients), the 
midwifery staff (public birth-centre patients) and the visiting medical staff (private 
medical officers). A ""carrot-and-stick"' philosophy was utilised to ensure data entry 
for all patients - the automatic production of a letter to the referring doctor and a 
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discharge summary for the medical record meant that the medical officer did not have 
to dictate these documents, and individual specialist trainees were able to access data 
for their training logbooks (ie.. the ""carrots""); as the project was implemented by 
resolution of the hospital"s obstetric staff, non-compliance led to a threat of non-
reappointment into the training scheme (public patients) and lack of private bed 
access (private patients) (ie., the "sticks"). Persistent checking that all records had 
been entered was required, with reminder letters where necessary, and this task needs 
to be performed by a dedicated individual (the author, in this case). 
When the author took up appointment at Caims Base Hospital this program was 
modified for Far North Queensland, and has been running continuously in the 
Matemity unit of that hospital since. The data for all public patients delivered at 
Caims Base Hospital is entered by the junior medical staff when the woman is 
discharged from the unit; the current database contains all public births since 1st 
January 1992. Monthly input checking, against the birth register, has ensured 
complete data collection. A yearly Maternity Unit report has been produced, and the 
data from the database has been used a number of times to assist with specific criteria 
and other audits to review individual aspects of clinical practice and protocol 
development. 
Program details 
150 data fields were written into the original program, as it was intended for varying 
purposes - a number of these have been inactivated in the Caims Base Hospital 
program. The list of data collected is found in Appendix 2. 
During program development the logic of question display and answer was analysed 
to allow the user to be presented with a highly stmctured series of questions of 
clinical relevance. For example, if Caesarean section was chosen as the mode of 
delivery the next question was "Indications for Caesarean section" - if the birth was 
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vaginal this question was not asked. The 'logic tree' developed for this purpose is also 
found in Appendix 2. 
The questions were presented, on screen, one at a time so that they were easily read 
and not cluttered. Being aware that many clinicians were 'computer-shy' and not very 
familiar with the computer / typewriter keyboard, the standard 0 - 9 numeric keypad 
was used for all answers except entry of the name. 
After the clinician entered the information, the letter generator subprogram produced 
a summary letter within a minute, by adding together a series of staccato phrases to 
produce an individualised letter. 
The future 
The sophisticated commercially available databases which have become available 
within the last 5 years have seen developments which mean that this program is near 
the end of its' useful life. Improved visual presentation, the development of "drop-
down box' answer entry, more sophisticated error-checking and access-security 
facilities, and better report writing and data retrieval facilities mean that better 
products are in the pipeline. In Queensland, in fact, it is expected that all Queensland 
Health institutions where plarmed births occur will utilise such a program which is 
under final development ("Obicare" ®). Obicare will do all the things that the original 
Caims Base Hospital program does, but will do them quicker, in a more aesthetically 
appealing and secure manner, whilst taking up much less memory space. It will 
produce a statewide obstetric database, which has exciting epidemiological research 
potential, and it will see electronic lodgement of the "midwife-data" sheets as a by-
product. 
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REVIEW OF CAIRNS BASE HOSPITAL PUBLIC OBSTETRIC DATA 1992 -
1996 
7576 women gave birth at Cairns Base Hospital as public patients, from 1st January 
1992 to 31st December 1996. Of these, 7458 women had singleton births, 115 had 
twin births, and 3 had triplet births. 1537 women identified themselves as Aboriginals 
(20.6%)), 674 as Torres Strait Islanders (9.0%o), 4044 as Australian-bom Caucasians 
(54.2%o), 320 as being of Asian origin (4.3%), and 883 came from other ethnic origins 
(11.8%). 
The cohort of 7458 women having singleton births were studied in detail, to gain an 
understanding of their characteristics and outcomes, with particular reference to the 
two largest groups - Aboriginals and Australian-born Caucasians. 
Maternal age 
Table 3.1: Maternal age mean + standard distribution vs. Ethnicity. Maternal age 
comparison of Aboriginals vs. Australian-born Caucasians (Unpaired t test): 
t =-18.01, df= 5579. p< 0.0005. 
Ethnicity 
Aboriginal 
Torres Strait Islander 
Caucasian 
Asian 
Other 
Total 
Age 
Mean 
23.96 
24.91 
26.95 
28.39 
28.77 
26.43 
Age 
Std. Deviation 
5.54 
5.88 
5.55 
5.76 
5.47 
5.79 
Age 
Range 
13-42 
13-44 
14-47 
17-49 
14-46 
13-49 
Number 
1537 
674 
4044 
320 
883 
7458 
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Table 3.2: Maternal age distribution vs Ethnicity. Comparison of Aboriginals with 
Australian-bom Caucasians, regarding pregnancy in women less than 20 years of age: 
Chi square = 344,14, p < 0.0005 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Total 
<16y. old 
40 (2.6%) 
9{\.3"'o) 
1 (0.2%) 
0 
1 (0.1%) 
57 (0.8%) 
Total 
16-19 y. old 
320 (20.8%) 
109(l6.2«'o) 
239 (5.9%) 
18 (5.6%) 
41 (4.6° o) 
727 (9.7%) 
Total 
20-35 y. old 
1131 (73.6%) 
512 (76.0%) 
3506 (86.7%) 
263 (82.2%) 
737 (83.5%) 
6149 (82.4%) 
Total 
>35 y. old 
46(3.0%) 
44 (6.5%) 
292 (7.2%) 
39 (12.2%) 
104(ll.8%o) 
525 (7.0%) 
Pregnant women of indigenous ethnicity were significantly younger, as a group, than 
their Australian-born Caucasian counterparts, with a marked excess of teenage and 
menarchal pregnancies in the Aboriginal group. 
Maternal Parity 
Table 3.3: Parity mean + standard distribution vs. Ethnicity. Comparison of maternal 
parity. Aboriginals vs. .A.ustralian-born Caucasians (Unpaired t test): 
t= 19.29, df= 5579, p<0.0005. 
Ethnicity 
Aboriginal 
Torres Strait Islander 
Caucasian 
Asian 
Other 
Total 
Parity 
Mean 
1.75 
2.10 
0.96 
1.03 
1.05 
1.23 
Parity 
Std. Deviation 
1.75 
2.10 
1.20 
1.46 
1.05 
1.50 
Parity 
Range 
0-12 
0-12 
0-11 
0-11 
0-8 
0-12 
Number 
1537 
674 
4044 
320 
883 
7458 
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Table 3.4: Parity distribution vs. Ethnicity. Comparison of Aboriginals with 
Australian-bom Caucasians, regarding pregnancy in nulliparous women: 
Chi square = 121.23, p < 0.0005 
Comparison of Aboriginals with Australian-born Caucasians, regarding pregnancy in 
grande multiparae (5 or more previous pregnancies): 
Chi square =132.73, p < 0.0005 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Nullipara 
446 (29.0%) 
196(29.1%) 
1831 (45.3%) 
150(46.9%) 
372(42.1%) 
2995 (40.2%) 
Parity 1-4 
968 (63.0%) 
393 (58.3%) 
2145 (53.0%)) 
157(49.1%) 
488 (55.3%) 
4151 (55.7%) 
Parity 5 or more 
123 (8.0%) 
85 (12.6%) 
68(1.7%) 
13(4.1%) 
23 (2.6%) 
312(4.2%) 
Women of indigenous ethnicity were of significantly higher parity, as a group, than 
Australian-born Caucasians, with an excess of grande multiparae in the Aboriginal 
group. 
Outcome of previous pregnancies 
Table 3.5: Past perinatal death in Aboriginal and Australian-born Caucasian women. 
Risk Ratio: 1.68, 95% Confidence Interval: 1.44 - 1.96. 
Aboriginal 
Caucasian 
Previous perinatal 
death 
95 (6.2%) 
116(2.9%) 
No previous 
perinatal death 
1442(93.8%) 
3928(97.1%) 
1537 
4044 
211 5370 
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Table 3.6: Past stillbirth in Aboriginal and Australian-bom Caucasian women. Risk 
Ratio: 1.90. 95% Confidence Interval: 1.38 - 2.62. 
1537 
4044 
Aboriginal 
Caucasian 
Previous stillbirth 
62 (4.0%) 
86(2.1%) 
No previous stillbirth 
1475 (96.0%) 
3958(97.1%) 
148 5433 
Table 3.7: Past neonatal death in Aboriginal and Australian-bom Caucasian women: 
Risk Ratio: 2.79, 95% Confidence Interval: 1.75 - 4.44. 
Aboriginal 
Caucasian 
Previous perinatal 
death 
36 (2.3%) 
34 (0.8%) 
No previous 
perinatal death 
1501 (97.7%) 
4010(99.2%) 
70 5511 
1537 
4044 
Table 3.8: Past caesarean sections in Aboriginal and Australian-born Caucasian 
women. Risk Ratio: 1.56, 95% Confidence Interval: 1.34 -1.82. 
Aboriginal 
Caucasian 
Previous caesarean 
230(15.0%) 
388 (9.6%) 
No previous 
caesarean section 
1307(85.0%) 
3656 (90.4%,) 
618 4963 
1537 
4044 
The Aboriginal women were more likely to have had a perinatal death and/or a 
caesarean section in the past than the Australian-born Caucasian women. 
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Place of Residence 
Table 3.9: Place 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
of residence vs Ethnicity 
Cairns & 
District 
844 
(14.2%) 
428 
(7.2%) 
3583 
(60.2%) 
296 
(5.0%) 
805 
(13.5%) 
5956 
Tablelands 
& Innisfail 
Districts 
116 
(24.5%) 
15 
(3.2%) 
290 
(61.3%) 
14 
(3.0%) 
38 
(8.0%) 
473 
Cape York 
543 
(72.0%) 
49 
(6.5%) 
133 
(17.6%) 
8 
(1.1%) 
21 
(2.8%) 
754 
Torres 
Strait & 
Northern 
Peninsula 
Area 
19 
(8.8%) 
180 
(8.3%) 
12 
(5.5%) 
0 
5 
(2.3%) 
216 
Other 
15 
(25.4%) 
2 
(3.4%) 
26 
(44.1%) 
") 
(3.4%) 
14 
(23.7%) 
59 
562(36.6%)) of the Aboriginal women lived in a remote area, compared with 
145(3.6%)) of the Australian-born Caucasian women. 
47 
Chapter 3 Obstetric database 
Antenatal care this pregnancy 
Table 3.10: Antenatal care in current pregnancy vs ethnicity. Comparison of 
Aboriginal women accessing antenatal care vs Australian-bom Caucasian women: 
Risk ratio: 9.00, 95% Confidence Interval: 5.42 - 14.96. 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
No Antenatal Care 
65 (4.2%) 
28 (4.2%) 
19(0.5%) 
1 (0.3%) 
7 (0.8%) 
120 
Antenatal Care 
1472 (95.8%) 
646 (95.8%) 
4025 (99.5%) 
319(99.7%) 
876 (99.2%) 
7338 
Aboriginal women were significantly more likely to not access antenatal care than 
Australian-bom Caucasian women. 
Obstetric risk score (Refer Chapter 4, Pages 67-81) at first antenatal visit 
Table 3.11: Obstetric risk score at first visit vs Ethnicity 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Low 
risk score 
(2 or less) 
266(17.3%) 
164(24.3%) 
1867(46.2%) 
122(38.1%) 
398(45.1%) 
2817 
Medium 
risk score 
(3-7) 
428 (27.8%) 
228(33.8%) 
1387(34.3%) 
153(47.8%) 
332 (37.6%) 
2528 
High 
risk score 
(8 or more) 
174(11.3%) 
135(20.0%) 
327(8.1%) 
22 (6.9%) 
71 (8.0%) 
729 
Risk score 
not 
calculated 
669(43.5%) 
147(21.8%) 
463(11.4%) 
23 (7.2%) 
82 (9.3%) 
1384 
Total 
1537 
674 
4044 
320 
883 
7458 
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Table 3.12: Incidence of high risk scores amongst those women who had a risk score 
calculated at their first antenatal visit. Risk ratio: 2.20, 95% Confidence Interval: 
1.86-2.60. 
Aboriginal 
Caucasian 
High risk score 
(8 or more) 
174(20.0%) 
327 (8.7%) 
Medium / low risk score 
(0-7) 
694 (80.0%) 
3254(91.3%) 
868 
3581 
501 3948 
Aboriginal women, when compared with Australian-born Caucasians, were more 
likely to have a high risk score (if scoring was undertaken at the first antenatal visit). 
Table 3.13: Incidence of risk scores being calculated, amongst those women who 
subsequently gave birth at Cairns Base Hospital. Risk ratio: 3.80, 95% Confidence 
Interval: 3.43-4.21. 
1537 
4044 
Aboriginal 
Caucasian 
No risk score 
669(43.5%) 
463(11.4%) 
Risk score 
868 (56.5%) 
3581 (88.6%) 
1132 4449 
The significantly higher incidence of Aboriginal women who did not have risk scores 
calculated prior to giving birth at Cairns Base Hospital, when compared with 
Australian-bom Caucasian women, mirrors the high number of Aboriginal women 
who did not access antenatal care and who were referred from another institution as 
an emergency. 
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Substance abuse in pregnancy 
Table 3.14: Cigarette smoking in pregnancy vs Ethnicity 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Non-smoker 
768 (50.0%) 
428(63.5%) 
2615 (64.7%) 
305 (95.3%) 
637(72.1%) 
4753 (63.7%) 
Smokes 
< 10 / day 
320 (20.8%) 
131 (19.4%) 
634(15.7%) 
12(3.8%) 
113(12.8%) 
1210(16.2%)) 
Smokes 
^10 /day 
449 (29.2%) 
115(17.1%) 
795 (19.7%) 
3 (0.9%) 
133(15.1%) 
1495 (20.0%o) 
Total 
1537 
674 
4044 
320 
883 
7458 
Table 3.15: Incidence of cigarette smoking in pregnancy in Aboriginal vs. Australian-
born Caucasians. Risk ratio: 1.42, 95% Confidence Interval: 1.33 - 1.51. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Smoking 
769 (50.0%) 
1429(35.3%) 
Not smoking 
768 (50.0%) 
2615(64.7%) 
2198(39.4%) 3383 (60.6%) 
Aboriginal women smoked cigarettes significantly more frequently, in pregnancv. 
than Australian-born Caucasian women. 
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Table 3.16: Alcohol intake in pregnancy vs Ethnicity. (This data point input in the 
data set was poorly designed, in that it did not clearly define ""social"" and ""heavy" 
alcohol intake). 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Non-drinker 
1154(75.1%) 
540(80.1%) 
3139(77.6%) 
297 (92.8%) 
664(75.2%) 
5794 (77.7%) 
"Social" 
alcohol intake 
278(18.1%) 
119(17.7%)) 
876(17.7%) 
23(7.2%)) 
212(24.0%)) 
1508(20.2%) 
"Heavy" 
alcohol intake 
105(6.8%) 
15(2.2%) 
29 (0.7%) 
0 
7 (0.8%) 
156(2.1%) 
Total 
1537 
674 
4044 
320 
883 
7458 
Table 3.17: Incidence of alcohol use in Aboriginal vs. Australian-bom Caucasians. 
Riskrafio: 1.11, 95% Confidence Interval: 1.00-1.24. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Alcohol use 
383 (24.9%) 
905 (22.4%) 
Non-drinker 
1154(75.1%) 
3139(77.6%) 
1288(33.1%) 4293 (76.9%) 
Aboriginal women used alcohol more frequently, in pregnancy, than Australian-born 
Caucasian women; the difference bordered on statistically significance. 
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Table 3.18: Incidence of admitted recreational drug use in Aboriginal vs. Australian-
born Caucasians. Risk rafio: 0.08, 95%o Confidence Interval: 0.01 - 0.60. (Clinical 
experience suggests that this data point input was poorly reported, and conclusions 
from this table may be erroneous. ) 
Aboriginal 
Caucasian 
Recreational drug 
use admitted 
1 (0.1%) 
32 (0.8%o) 
No recreational 
drug use admitted 
1536(99.9%) 
4012(99.2%) 
33 (0.6%) 5548 (99.4%) 
1537 
4044 
5581 
Australian-born Caucasian women used recreational drugs more frequently, in 
pregnancy, than Aboriginal women; the difference was statistically significant, though 
the wide 95% confidence intervals suggest that caution is necessary in interpreting 
these results. 
Complications in the antenatal period: 
Table 3.19: Hypertensive disease, anaemia (haemoglobin <100 g/L). and documented 
urinary tract infection in the antenatal period vs Ethnicity. 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Hypertensive 
disease 
182(11.8%) 
85(12.6%) 
356 (8.8%) 
16(5.0%) 
78(8.8%) 
717(9.6%) 
Anaemia 
(Hb< 100) 
194(12.6%) 
82 (12.2%) 
134(3.3%) 
23 (7.2%) 
46(5.2%) 
479 (6.4%) 
Urinary 
tract 
infection 
238(15.5%) 
81 (12.0%) 
271 (6.7%) 
21 (6.6%) 
48(5.4%) 
659 (8.8%) 
Total 
1537 
674 
4044 
320 
883 
7458 
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Table 3.20: Incidence of hypertensive disease in pregnant Aboriginals vs. Australian-
born Caucasians. Risk ratio: 1.35. 95% Confidence Interval: 1.14-1.59. 
1537 Aboriginal 
Caucasian 
Hypertensive disease 
182(11.8%) 
356 (8.8%) 
No hypertensive disease 
1355(88.2%) 
3688(91.2%) 
538 5043 
4044 
5581 
Aboriginal women were more likely to have hypertension as a complication of their 
pregnancy than Australian-bom Caucasians. 
Table 3.21: Incidence of anaemia (lowest recorded haemoglobin less than 100 g/L) in 
pregnant Aboriginals vs. Australian-bom Caucasians. Risk ratio: 3.81, 95% 
Confidence Interval: 3.08-4.71. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Anaemia (Hb < 100) 
194(12.6%) 
134(3.3%) 
No anaemia 
1343 (87.4%) 
3910(96.7%) 
328 5253 
Aboriginal women were more likely to have significant anaemia (haemoglobin 
<100g/L) as a complication of their pregnancy than Australian-born Caucasians. 
Table 3.22: Incidence of documented urinary tract infection in pregnant Aboriginals 
vs. Australian-born Caucasians. Risk ratio: 2.31. 95% Confidence Interval: 1.90-2.72. 
Aboriginal 
Caucasian 
Documented 
urinary tract infection 
238 (15.5%) 
271 (6.7%) 
No 
urinary tract infection 
1299 (84.5%) 
3773 (96.7%) 
509 5072 
1537 
4044 
5581 
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Aboriginal women were more than twice more likely to have a documented urinary 
tract infection as a complication of their pregnancy than Australian-born Caucasians. 
Table 3.23: Threatened preterm labour and preterm premature rupture of membranes 
vs Ethnicity. 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Threatened 
Preterm 
Labour 
70 (4.6%) 
33 (4.9%)) 
137(3.4%) 
9 (2.8%) 
27(3.1%) 
276(3.7%) 
Preterm Premature Rupture of 
Membranes (with or without 
Threatened Preterm Labour) 
96 (6.2%) 
23 (3.4%) 
124(3.1%) 
5(1.6%) 
16(1.8%) 
264(3.5%) 
Total 
1537 
674 
4044 
320 
883 
7458 
7.2%) of the women who gave birth at Cairns Base Hospital presented at less than 34 
weeks gestation with a diagnosis being made of threatened preterm labour and/or 
preterm premature rupture of membranes. 
Table 3.24: Incidence of threatened preterm labour in pregnant Aboriginals vs. 
Australian-born Caucasians. Risk ratio: 1.34, 95% Confidence Interval: 1.01 - 1.78. 
Aboriginal 
Caucasian 
Threatened 
Preterm Labour 
70 (4.6%) 
137(3.4%) 
No Threatened 
Preterm Labour 
1467(95.4%) 
3907 (96.6%) 
207 5374 
1537 
4044 
5581 
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Table 3.25: Incidence of documented urinary tract infection in pregnant Aboriginals 
vs. Australian-bom Caucasians. Risk ratio: 2.04, 95% Confidence Interval: 1.57 -
2.64. 
Aboriginal 
Caucasian 
Preterm Premature 
Rupture of Membranes 
(with or without 
Threatened 
Preterm Labour) 
96 (6.2%) 
124(3.1%) 
No Preterm Premature 
Rupture of Membranes 
(with or without 
Threatened 
Preterm Labour) 
1441 (93.8%) 
3920 (96.9%) 
220 5361 
1537 
4044 
5581 
Aboriginal women were twice as likely as Australian-bom Caucasian women to have 
preterm premature rupture of membranes (with or without threatened preterm labour), 
and also significant more likely to experience threatened preterm labour with intact 
membranes. 
Table 3.26: Antepartum Haemorrhage vs Ethnicity 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Antepartum Haemorrhage 
Placental 
Abruption 
16(1.0%) 
5 (0.7%) 
29 (0.7%) 
1 (0.3%) 
7 (0.8%) 
58 (0.8%) 
Placenta 
Praevia 
4 (0.3%) 
5 (0.7%) 
24 (0.6%) 
1 (0.3%) 
4 (0.5%) 
38 (0.5%) 
Cause 
Unknown 
33(2.1%) 
18(2.7%) 
101 (2.5%) 
11 (3.4%) 
20 (2.3%) 
183 (2.5%) 
Total 
1537 
674 
4044 
320 
883 
7458 
279 (3.7%)) of the women who gave birth at Caims Base Hospital experienced an 
antepartum haemorrhage during the antenatal period. 
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Table 3.27: Incidence of antepartum haemorrhage in pregnant Aboriginals vs. 
Australian-born Caucasians. Risk rafio: 0.91, 95%) Confidence Interval: 0.67-1.23. 
Aboriginal 
Caucasian 
Antepartum 
Haemorrhage 
53 (3.4%) 
154(3.8%) 
No Antepartum 
Haemorrhage 
1484 (96.6%) 
3890 (96.2%) 
207 5374 
1537 
4044 
5581 
Table 3.28: Incidence of placental abruption in pregnant Aboriginals vs. Australian-
bom Caucasians. Risk ratio: 1.45. 95%) Confidence Interval: 0.79-2.67 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Placental Abruption 
16(1.0%) 
29 (0.7%) 
No Placental Abruption 
1521 (99.9%) 
4015 (99.3%) 
45 5536 
Table 3.29: Incidence of placenta praevia in pregnant Aboriginals vs. Australian-
bom Caucasians. Risk ratio: 0.44, 95% Confidence Interval: 0.15 - 1.26. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Placenta Praevia 
4 (0.3%) 
24 (0.6%) 
No Placenta Praevia 
1533(99.7%) 
4020 (99.4%)) 
28 3333 
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Table 3.30: Incidence of antepartum haemorrhage of unknown cause in pregnant 
Aboriginals vs. Australian-bom Caucasians. Risk rafio: 0.87, 95% Confidence 
Interval: 0.59- 1.29. 
Aboriginal 
Caucasian 
Antepartum 
Haemorrhage of 
Unknown Cause 
33(2.1%) 
101 (2.5%) 
No Antepartum 
Haemorrhage of 
Unknown Cause 
1467(97.9%) 
3907 (97.5%) 
134 5374 
1537 
4044 
5581 
Antepartum haemorrhage, of any and all causes, was no more likely to occur in 
Aboriginal women than in Australian-bom Caucasian women. 
Pregnancy outcome: 
Table 3.31: Perinatal death vs Ethnicity 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Stillborn 
22(1.4%) 
13 (1.9%) 
41 (1.0%) 
4(1.3%) 
8(0.9%) 
88(1.2%) 
Neonatal Death 
15(1.0%) 
4 (0.6%) 
13(0.3%) 
2 (0.6%) 
2 (0.2%) 
36 (0.5%) 
Alive 
1500(97.6%) 
657 (97.5%) 
3990 (98.7%) 
314(99.1%) 
20 (98.9%) 
7334 (98.3%)) 
Total 
1537 
674 
4044 
320 
883 
7458 
The perinatal mortality rate (Queensland definition) was 16.6 per thousand births. 
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Table 3.32: Incidence of perinatal death in Aboriginals vs. Australian-bom 
Caucasians. Risk rafio: 1.80, 95% Confidence Interval: 1.19 - 2.73. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Perinatal Death 
37 (2.4%) 
54(1.3%) 
No Perinatal Death 
1500(97.6%) 
3990 (98.7%) 
91 5490 
Table 3.33: Incidence of sfillbirth in Aboriginals vs. Australian-born Caucasians. 
Risk ratio: 1.41, 95% Confidence Interval: 0.84 - 2.36. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Stillborn 
22(1.4%) 
41 (1.0%) 
No Stillborn 
1515(98.6%) 
4003 (99.0%) 
63 5518 
Table 3.34: Incidence of neonatal death in Aboriginals vs. Australian-born 
Caucasians. Risk ratio: 3.04. 95% Confidence Interval: 1.45 - 6.37. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Neonatal Death 
15(1.0%) 
13 (0.3%) 
No Neonatal Death 
1522(99.0%) 
4031 (99.7%) 
5518 
Perinatal death, and particularly neonatal death, was more common in Aboriginal 
pregnancies than in .A.ustralian-born Caucasian pregnancies. Stillbirth was also more 
common in ,A.boriginals, though not significantly so. 
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Table 3.35: Five minute Apgar scores vs Ethnicity 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Apgar 0-2 
35 (2.3%) 
19(2.8%) 
60(1.5%) 
7 (2.2%) 
13(1.5%) 
134(1.8%) 
Apgar 3-7 
91 (5.9%) 
29 (4.3%o) 
156(3.9%) 
16(5.0%) 
38 (4.3%) 
330 (4.4%) 
Apgar 8-10 
1411 (91.8%) 
626 (92.9%) 
3828 (94.7%) 
297 (92.8%) 
832 (94.2%) 
6994(93.8%) 
Total 
1537 
674 
4044 
320 
883 
7458 
Table 3.36: Incidence of low 5-minute Apgar scores (0-2) in Aboriginals vs. 
Australian-born Caucasians. Risk ratio: 1.53, 95% Confidence Interval: 1.02-2.32. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Apgar Score 0-2 
35 (2.3%) 
60(1.5%) 
Apgar Score 3-10 
1502(97.7%) 
3984 (98.5%) 
5518 
Table 3.37: Incidence of high 5-minute Apgar scores (8-10) in Aboriginals vs. 
Australian-born Caucasians. Risk ratio: 0.97, 95% Confidence Interval: 0.95-0.99. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Apgar Score 8-10 
1411 (91.8%) 
3828 (94.7%)) 
Apgar Score 0-7 
126(8.2%) 
216(5.3%) 
63 5518 
Aboriginal women had a significant excess in the incidence of babies born in poor 
condifion (Apgar scores 0 to 2), and a significantly lower incidence of babies bom in 
good condifion (Apgar scores 8 to 10), when compared with Australian-bom 
Caucasian women. 
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Table 3.38: Newbom admission to Special Care Baby Unit (SCBU) vs Ethnicity. 
Comparison of Aboriginal vs Australian-born Caucasian babies. Risk ratio: 1.57. 95%) 
Confidence Interval: 1.40 - 1.75. 
Ethnicity 
Aboriginal 
T.S. Islander 
Caucasian 
Asian 
Other 
Total 
Admission to SCBU 
380 (24.7%) 
142(21.1%) 
638(15.8%) 
55(17.2%) 
149(16.9%) 
1364(18.3%) 
No Admission to SCBU 
1157(75.3%) 
532 (78.9%) 
3406 (84.2%) 
265 (82.8%) 
734(83.1%) 
6094(81.7%) 
Total 
1537 
674 
4044 
320 
883 
7458 
Aboriginal newboms were significantly more likely to require intensive nursery care. 
Birthweight: 
Table 3.39: Birthweight (mean + standard deviation) vs Ethnicity. Comparison of 
Aboriginal vs Australian-born Caucasian babies (Unpaired t test): t = -14.31, df = 
5579, p < 0.0005. 
Ethnicity 
Aboriginal 
Torres Strait Islander 
Caucasian 
Asian 
Other 
Total 
Mean (g) 
3044.5 
3320.4 
3318.1 
3239.7 
3297.4 
3256.1 
Std. Deviation (g) 
694.8 
720.9 
615.6 
562.7 
591.9 
647.1 
Total 
1537 
674 
4044 
320 
883 
7458 
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Table 3.40: Birthweight distribution vs Ethnicity. 
Birth-
weight (g) 
<500 
500 - 749 
750 - 999 
1000 - 1249 
1250 - 1499 
1500 - 1999 
2000 - 2499 
2500 - 2999 
3000 - 3499 
3500 - 3999 
4000 - 4499 
4500 + 
Total 
Ethnicit)' 
Aboriginal 
6 
10 
11 
13 
14 
51 
155 
385 
526 
278 
74 
14 
1537 
T.S.Islander 
1 
6 
5 
4 
1 
21 
27 
100 
224 
192 
78 
15 
674 
Caucasian 
14 
8 
9 
14 
13 
75 
151 
668 
1518 
1150 
359 
65 
4044 
Asian 
1 
1 
1 
7 
12 
61 
144 
72 
19 
15 
320 
Other 
2 
-^  
J 
3 
2 
15 
40 
151 
331 
252 
79 
5 
883 
Total 
24 
28 
26 
34 
30 
169 
385 
1365 
18.3 
2743 
1944 
609 
7458 
Table 3.41: Incidence of low birthweight births (<2500 g) in Aboriginals vs. 
Australian-born Caucasians. Risk ratio: 2.41, 95%) Confidence Interval: 2.06-2.82. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Birthweight < 2500 
260(16.9%) 
284 (7.0%) 
Birthweight 2500 + 
1277(83.1%) 
3760 (93.0%) 
544 5037 
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Percentage (log scale) 
100 
I Aboriginal 
DAustralian-born 
Caucasian 
10 
1 -
0.1 
<500 750 - 999 1250 - 1499 2000 - 2499 3000 - 3499 4000 - 4499 
Birthweight (g) 
Figure 3.1: Birthweight distribution in Aboriginal and Australian-born Caucasian 
Singleton Pregnancies. 
The birthweight distribution in Aboriginal births is clearly different to that in 
Australian-born Caucasian births, with a significantly higher number of low 
birthweight babies being born to Aboriginal women. 
Chapter 3 
Gestation at Birth: 
Obstetric database 
Table 3.42: Gestation at birth (mean + standard deviation) vs Ethnicity. Comparison 
of Aboriginal vs Australian-bom Caucasian babies (Unpaired t test): t = -14.07. df = 
5579, p < 0.0005. 
Ethnicity 
Aboriginal 
Torres Strait Islander 
Caucasian 
Asian 
Other 
Total 
Mean 
(weeks) 
38.00 
38.43 
39.08 
39.02 
39.01 
38.78 
Std. Deviation 
(weeks) 
3.08 
2.84 
2.32 
2.25 
2.29 
2.58 
Total 
1537 
674 
4044 
320 
883 
7458 
Table 3.43: Gestation at birth distribution vs Ethnicitv. 
Gestation 
at Birth 
(weeks) 
20-21 
22-23 
24-25 
26-27 
28-29 
30 -31 
32-33 
34 -35 
36-37 
38-39 
40-41 
42-43 
Total 
Ethnicity 
Aboriginal 
6 
6 
9 
10 
12 
21 
33 
86 
251 
582 
481 
40 
1537 
T.S. 
Islander 
0 
3 
~i 
2 
7 
10 
8 
21 
81 
281 
237 
20 
674 
Caucasian 
5 
4 
13 
6 
14 
23 
54 
101 
326 
1392 
1913 
193 
4044 
Asian 
1 
1 
1 
1 
3 
6 
29 
129 
131 
18 
320 
Other 
1 
1 
1 
~i 
J 
12 
24 
79 
314 
409 
34 
883 
Total 
15 
16 
26 
20 
35 
58 
110 
238 
766 
2698 
3171 
305 
7458 
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Table 3.44: Incidence of significantly preterm births (< 34 weeks gestadon) in 
Aboriginals vs. Australian-bom Caucasians. Risk rafio: 2.14, 95%o Confidence 
Interval: 1.65-2.79. 
1537 
4044 
5581 
Aboriginal 
Caucasian 
Gestation < 34 weeks 
97 (6.3%) 
119(2.9%) 
Gestation 34 + weeks 
1440 (93.7%) 
3925(97.1%) 
216 5365 
Percentage (log scale) 
100 T I Aboriginal 
DAustralian-born 
10 - Caucasian 
0.1 
20-21 24-25 28-29 32-33 36-37 40-41 
Gestation at Delivery (weeks) 
Figure 3.2: Distribution of gestation at delivery in Aboriginal and Australian-bom 
Caucasian Singleton Pregnancies. 
The gestafional distribution, at delivery, in Aboriginal births is clearly different to that 
in Australian-bom Caucasian births, with a significantly higher number of preterm 
(<34 weeks gestation) babies being bom to Aboriginal women. These data need to be 
interpreted with some caution, bearing in mind the uncertainty, especially in 
indigenous women, of gestational assessment when a confirmatory ultrasound scan is 
not always performed in the first half of pregnancy. 
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SYNTHESIS 
Significant differences were found in this retrospective study, between Aboriginal 
women and Australian-bom Caucasian women, in terms of their pregnancies and the 
outcomes of their pregnancies. 
Pregnant women of indigenous ethnicity were significantly younger, as a group, than 
their Australian-bom Caucasian counterparts, with a marked excess of teenage and 
menarchal pregnancies in the Aboriginal group. They were, also, of significantly 
higher parity, as a group, than Australian-bom Caucasians, with an excess of grande 
multiparae in the Aboriginal group. 
More than one-third of the Aboriginal women lived in a remote area, compared with 
only one-thirtieth of the Australian-bom Caucasian women. 
Aboriginal women were significantly more likely to not access antenatal care than 
Australian-bom Caucasian women. The Aboriginal women were more likely to have 
had a perinatal death and/or a caesarean section in the past than the Australian-bom 
Caucasian women, and Aboriginal women, when compared with Australian-bom 
Caucasians, were more likely to have a high risk score (if scoring was undertaken at 
the first antenatal visit). The significantly higher incidence of Aboriginal women who 
did not have risk scores calculated prior to giving birth at Caims Base Hospital, when 
compared with Australian-bom Caucasian women, mirrors the high number of 
Aboriginal women who did not access antenatal care and who were referred from 
another institution as an emergency. 
Aboriginal women smoked cigarettes and used alcohol more frequently, in pregnancy, 
than Australian-bom Caucasian women. In the case of cigarette smoking this was a 
clearly significant difference, whilst the difference bordered on statistical significance 
for alcohol use. Australian-bom Caucasian women used recreational dmgs more 
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frequently, in pregnancy, than Aboriginal women; die difference was stafisfically 
significant, though the wide 95% confidence intervals suggest that caution is 
necessary in interpreting these results. 
Aboriginal women were more likely to have hypertension, anaemia, urinary tract 
infection, preterm premature rupture of membranes (with or without threatened 
preterm labour), and threatened preterm labour with intact membranes as 
complications of their pregnancy than Australian-bom Caucasians. Antepartum 
haemorrhage, of any and all causes, was no more likely to occur in Aboriginal women 
than in Australian-bom Caucasian women. 
Perinatal death and, particularly, neonatal death was more common in Aboriginal 
pregnancies than in Australian-bom Caucasian pregnancies. Stillbirth was also more 
common in Aboriginals, though not significantly so. 
Aboriginal women had significantly more babies bom in poor condition (Apgar 
scores 0 to 2), and a significantly lower incidence of babies bom in good condifion 
(Apgar scores 8 to 10), when compared with Australian-bom Caucasian women. 
Aboriginal newboms were significantly more likely to require intensive nursery care. 
The birthweight distribufion in Aboriginal births is clearly different to that in 
Australian-bom Caucasian births, with a significantly higher number of low 
birthweight babies being bom to Aboriginal women. The gestational distribution, at 
delivery, in Aboriginal births is also clearly different to that in Australian-bom 
Caucasian births, with a significantly higher number of preterm (<34 weeks gestafion) 
babies being bom to Aboriginal women. In view of the high incidence of uncertainty 
regarding gestational age in Aboriginal pregnancies, these last facts need to be 
confirmed by a prospective study. 
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RISK SCORING 
As the region had very few medical or nursing staff with specific obstetric or 
midwifery training, and a significant population of obstetrically high risk women, 
obstetric risk scoring was seen as a possible means of best allocating scarce care 
resources. 
DEVELOPMENT OF A CAIRNS RISK SCORE SYSTEM 
History of risk scores 
The late 19th century saw the first attempts to associate obstetric events and abnormal 
outcome in the child, but it was not until the 1950s that specific factors were clearly 
defined as 'risk factors' to the fetus. Retrospective studies relating the development of 
cerebral palsy in the newbom with various perinatal events''* '^, and relating socio-
economic factors to perinatal mortality'^ '^, defined eight risk factors. Five of these 
factors were confirmed by, and another thirteen factors were defined by, two large 
prospective studies conducted in the 1960s - the Brifish Perinatal Mortality Survey'^ 
'^  and the Collaborative Perinatal Survey^°. 
These twenty-one factors are detailed in the left-hand column of Table 4.1. They can 
be broadly grouped into: 
1. Social determinants (socioeconomic status and matemal age). 
2. Past medical and obstetric history (birth interval, parity, history of infertility, 
previous stillbirth or infant death, diabetes and smoking). 
3. Factors complicating the current pregnancy (multiple pregnancy, pregnancy 
induced hypertension, placental abnormalifies, urinary tract infection, vaginal 
bleeding in pregnancy, cervical incompetence, polyhydramnios and the absence of 
antenatal care). 
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4. Factors complicating the labour (preterm labour, prolonged or abnormally short 
labour and breech presentation). 
Table 4.1: Fetal risk factors - literature survey (figures in parentheses refer to 
references) 
Social determinants 
Socioeconomic status (3,4) 
Matemal age (3,4) 
Marital status (8) 
Country of origin (8) 
Matemal height <157.5cm / 62" (9,11) 
Past medical and/or obstetric history 
Birth interval (3,4) 
Parity (5,6,7) 
History of infertility (5,6,7) 
Previous stillbirth or infant death (1,2) 
Organic heart disease (7) 
Diabetes (7) 
Smoking (5,6,7) 
Three or more abortions (8) 
Previous Caesarean section (8,9) 
Previous antepartum haemorrhage (8,9) 
Previous postpartum haemorrhage (8,9) 
Previous malformed child (8,9) 
Renal disease (8,9) 
Chronic respiratory disease (9) 
Endocrine disease (9) 
Factors complicating pregnancy 
Multiple pregnancy (1,2,5,6) 
Pregnancy-induced hypertension 
(1,2,5,6) 
Placental abnormalities (1,2,5,6) 
Vaginal bleeding (7) 
Cervical incompetence (7) 
Polyhydramnios (7) 
Lack of antenatal care (5,6) 
Anaemia (8) 
Rhesus isoimmunisation (8,11) 
Prolonged pregnancy (10,11) 
Decreased fetal movements (10,11) 
Intrauterine growth retardation (11,12) 
Pre-exisfing hypertension (10,11) 
Low oestriol excretion (10,12) 
Factors complicating labour 
Prematurity (1,2,5,6) 
Prolonged labour (5,6,7) 
Short labour (5,6,7) 
Breech presentation (5,6,7) 
Premature rupture of membranes 
(11,12) 
Oxytocin infusion (13) 
Meconium staining of liquor (9,10) 
Abnormal fetal heart rate (9,10) 
Shoulder dystocia (13) 
Amnionitis (13) 
Low-risk hospital confinements (14,15) 
Other factors have been mentioned as being relevant but are often based upon 
'clinical experience' rather than stafistical evidence^' '" ^^  ^^ '- ^^ ^^ ^^ These are 
shown in the right hand column of Table 4.1. 
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During the last three decades, numerous formalised scoring systems have been 
developed and trialed, some with simple point scoring and some with weighted point 
scoring. 
The 'labour predicfion score' reported by Chamberlain and others in 1978^ included 
many of the elements listed above. Applying this labour prediction score to the data 
collected in the second British Perinatal Mortality Survey, three broad clinical groups 
were identified. 
1. The majority of the obstetric population (70.2%) had a predicfion score of 2 or 
less, a mean associated perinatal mortality rate of 7.7 per thousand total births, 
and a respiratory depression rate of 2.6%). 
2. A further 28.2%), with a score of 3 to 7, had a perinatal mortality rate of 48.8 per 
thousand total births, and a respiratory depression rate of 9.0%). 
3. The highest risk women, with a score of 8 or more, had an extremely high 
perinatal mortality rate of 152.9 per thousand total births, and a respiratory 
depression rate of 25.4%o. 
The authors' conclusion was that "It seems possible that the more wide-spread 
application of scoring systems such as those described might, by concentrating the 
resources available for cases in greatest need, decrease the risks of birth trauma and 
hypoxia, and help reduce the general level of perinatal morbidity". 
The variety of systems reported, the numerous end-points tested against such scoring 
systems, and the potential for risk scoring to result in the use of unproven treatments 
to 'prevent' preterm labour, prompted Alexander and Kierse^^, after reviewing them 
as part of the Cochrane program, to suggest that scoring systems had little proven 
value as routine clinical tools, but "...such systems may be instmmental in providing 
a minimum level of care and attention in regions where a pregnancy itself is not 
considered to be a sufficient reason to provide these." They concluded "There is an 
urgent need to know whether and for what populations risk scoring provides more 
benefit than harm." 
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Cairns risk score 
As little data was available from this region prior to 1990, a pregnancy risk score was 
developed from the data shown in Table 1, in a reasonably arbitrary fashion, bearing 
in mind the sociocultural delicacies involved in some of the data points in the 
previous studies when applied in remote indigenous communities. Scored elements 
included matemal age, parity, height and weight, social factors, past obstetric 
performance, past and present medical problems, and features of the current 
pregnancy (Table 4.2). 
The risk score system was introduced to Caims Base Hospital in 1991, with a series 
of workshop-tutorials to educate the antenatal clinic midwives, who were the first 
point of contact for women booking in for antenatal care. They rapidly became 
comfortable with the concept, and a score was calculated at the inifial midwife visit 
and prominently displayed on the antenatal care sheet of the medical record. One 
particular antenatal clinic was then designated for management of women with high 
risk scores, and this clinic was staffed with the most senior medical staff of the unit, 
and training junior staff attended in a one-on-one teaching role, rather than as a 
worker role. 
Implementation 
All other healthcare institutions in the region were approached and asked to institute 
the same system, with variable success. Those institutions without resident medical 
staff (visiting Royal Flying Doctor Service clinics only) universally accepted the 
proposal, and these discussions ultimately led onto the development of the FROGS 
outreach program discussed in Chapter 3. Other level I hospitals, with full-fime 
medical staffs, were much more reluctant to accept advice and either did not adopt the 
scheme, or used it on an occasional basis. There was no mechanism by which they 
could be required to take specialist advice, though their obstetric referrals were to the 
agency giving the advice. 
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Table 4.2: Obstetric risk score devised for use at Caims Base Hospital. 
MATERNAL AGE 
Less than 20 
20-29 
30-34 
35 or more 
1 
0 
1 
2 
PARITY 
0 
1-2 
3 
4 or more 
1 
0 
1 
2 
SOCIAL FACTORS 
Family income entirely 
social security 
Unsupported mother 
(no stable union) 
1 
1 
PAST OBSTETRIC 
PERFORMANCE 
Sfillbirth 
Neonatal death 
Preterm birth (<34 weeks) 
Infant birthweight <2500g 
2 or more terminations 
Caesarean section 
Antepartum haemorrhage 
Postpartum haemorrhage 
SCORE AT FIRST VISIT: 
High-risk = 8 or more 
Medium-risk = 3 to 7 
Low-risk = 2 or less 
4 
4 
2 
2 
2 
4 
4 
4 
— 
PAST OR PRESENT MEDICAL 
HISTORY 
Established diabetes 
Gestafional diabetes 
Cardiac disease 
Chronic respiratory 
disease 
Chronic renal disease 
Recurrent urinary tract 
infection 
Endocrine disease 
Anaemia (Hb< 10) 
Blood group antibodies 
Cervical cone biopsy 
4 
2 
4 
4 
4 
1 
4 
2 
2 
4 
PRESENT PREGNANCY 
Height <157.5 cm (62") 
Weight >90 Kg 
Weight <50 Kg 
Smokes 5 or more cigs/day 
Drinks alcohol more than 
1 drink twice weekly 
Multiple pregnancy 
Breech after 34 weeks 
gestation 
Vaginal bleeding after 
13 weeks gestation 
Blood pressure 
140+/90+ 
before 20 weeks 
140+/90+ 
after 20 weeks 
160+/100+ 
SCORE AT 34 WEEKS: 
A RISK SCORE LESS THAN 
8 DOES NOT INDICATE AN 
ABSENCE OF RISK 
1 
1 
1 
1 
1 
4 
4 
2 
4 
2 
— 
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PROSPECTIVE STUDY OF CAIRNS RISK SCORE SYSTEM 
In view of the uncertainty in the literature regarding the use of risk scores a five year 
prospecfive study was undertaken to assess the accuracy of the scoring system which 
had been implemented. Risk score at first antenatal visit was an item entered on the 
Obstetric Database detailed in Chapter 2. If a risk score had not been calculated as 
part of the woman's antenatal care, 99 was entered. 
The 7458 singleton pregnancies delivered are the subject of this study at Caims Base 
Hospital between the beginning of 1992 and the end of 1996. As the introducfion of 
the risk score was designed to assist with resource allocation, and sensible use of the 
only referral hospital in the region, the endpoints studied were low birthweight birth 
(less than 2500 g), preterm birth (less than 34 weeks), intervenfion in the birth process 
(assisted birth or manual removal of the placenta), and perinatal death. The lack of 
any regional database, and of a political will at that time to introduce one, meant that 
it was not possible to study the pattem of these endpoints across the region; therefore, 
the association between risk score values and these endpoints was analysed. 
6074 of the 7458 women having singleton births at Caims Base Hospital during this 
period had a risk score determined as part of their first antenatal visit. The remainder 
represent women who had had their antenatal care at an institution that had not 
accepted risk scoring, or had not accessed antenatal care. 
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Low birthweight birth: 
Table 4.3: Associafion between risk score and low birthweight birth (less than 
2500g). 
729 
5345 
Risk score 
8 or more 
Risk score 
less than 8 
Low birthweight 
(<2500 g) 
77 
10.6% 
320 
6.0% 
Birthweight 
2500 g or more 
652 
89.4% 
5025 
94.0% 
Odds rafio: 1.76 
Odds ratio: 1.11 
397 5677 
95% Confidence Interval: 1.39 - 2.23 
397 5677 
95% Confidence Interval: 0.91 - 1.34 
397 5677 
Odds ratio: 0.67 95% Confidence Interval: 0.55 - 0.81 
6074 
p < 0.0005 
Risk score 
3 to 7 
Risk score 
not 3 to 7 
Low birthweight 
(<2500 g) 
175 
6.9% 
222 
6.3% 
Birthweight 
2500 g or more 
2353 
93.1% 
3324 
93.7% 
2528 
3546 
6074 
p = ns 
Risk score 
0 t o 2 
Risk score 
3 or more 
Low birthweight 
(<2500 g) 
145 
5.1% 
252 
7.7% 
Birthweight 
2500 g or more 
2672 
94.9% 
3005 
92.3%o 
2817 
3257 
6074 
p< 0.0005 
Risk score 
not calculated 
Risk score 
calculated 
Low birthweight 
(<2500 g) 
299 
21.6% 
397 
6.5% 
Birthweight 
2500 g or more 
1085 
78.4% 
5677 
93.5% 
696 6762 
Odds ratio: 3.31 95% Confidence Interval: 2.88-3.80 
1384 
6074 
7458 
p< 0.0005 
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High risk scores (8 or more) were associated with almost twice the average risk of 
low birthweight birth, where a risk score was estimated, and low risk scores (0 to 2) 
with a risk only two-thirds as great as the average risk. Where a risk score was not 
calculated as part of antenatal care, low birthweight was more than 3 times more 
likely than in pregnancies where a risk score was calculated. 
Preterm birth: 
Table 4.4 (continued over page): Association between risk score and preterm birth 
(less than 34 weeks gestation). 
729 Risk score 
8 or more 
Risk score 
less than 8 
Preterm birth 
(< 34 weeks) 
30 
4.1% 
103 
1.9% 
Birth over 
34 weeks 
699 
95.9% 
5242 
98.1% 
Odds ratio: 2.14 
Odds rafio: 0.99 
Odds rafio: 0.65 
133 5941 
95% Confidence Interval: 1.43-3.18 
133 5941 
95% Confidence Interval: 0.70 - 1.39 
133 5941 
95% Confidence Interval: 0.46 - 0.93 
5345 
6074 
p < 0.0005 
Risk score 
3 to 7 
Risk score 
not 3 to 7 
Preterm birth 
(< 34 weeks) 
55 
2.2% 
78 
2.2% 
Birth over 
34 weeks 
2473 
97.8% 
3468 
97.8% 
2528 
3546 
6074 
p = ns 
Risk score 
0 t o 2 
Risk score 
3 or more 
Preterm birth 
(< 34 weeks) 
48 
1.7% 
85 
2.6% 
Birth over 
34 weeks 
2769 
98.3% 
3172 
97.4% 
2817 
3257 
6074 
p<0.05 
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Table 4.4 (confinued): Associafion between risk score and preterm birth (less 
than 34 weeks gestation). 
Risk score 
not calculated 
Risk score 
calculated 
Odds rafio: 4.85 
Preterm birth 
(< 34 weeks) 
147 
10.6% 
133 
2.2% 
Birth over 
34 weeks 
1237 
89.4% 
5941 
97.8% 
280 7178 
95% Confidence Interval: 3.86 - 6.09 
1384 
6074 
7458 
p < 0.0005 
High risk scores (8 or more) were associated with more than twice the average risk of 
birth before 34 weeks gestation, where a risk score was estimated, and low risk scores 
(0 to 2) with a risk only two-thirds as great as the average risk. Where a risk score was 
not calculated as part of antenatal care, preterm birth was almost 5 times more likely 
than in pregnancies where a risk score was calculated. 
Intervention in the birth process: 
Table 4.5 (continued overpage): Association between risk score and intervention in 
the birth process (assisted birth or manual removal of a retained placenta). 
729 Risk score 
8 or more 
Risk score 
less than 8 
Intervention in 
birth process 
329 
45.1% 
1363 
25.5% 
No intervention in 
birth process 
400 
54.9% 
3982 
74.5% 
Odds ratio: 1.77 
1692 4382 
95% Confidence Interval: 1.61 - 1.94 
5345 
6074 
p < 0.0005 
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Table 4.5 (continued): Associafion between risk score and intervention in the 
birth process (assisted birth or manual removal of a retained placenta). 
2528 Risk score 
3 to 7 
Risk score 
not 3 to 7 
Intervention in 
birth process 
742 
29.4% 
950 
26.8% 
No intervention in 
birth process 
1786 
70.6% 
2596 
73.2% 
Odds ratio: 1.10 
1692 4382 
95% Confidence Interval: 1.01-1.19 
3546 
6074 
p < 0.05 
Risk score 
0 t o 2 
Risk score 
3 or more 
Intervention in 
birth process 
621 
22.0% 
1071 
32.9% 
No intervention in 
birth process 
2196 
78.0% 
2186 
67.1% 
Odds rafio: 0.67 
1692 4382 
95% Confidence Interval: 0.62 - 0.73 
Odds ratio: 1.16 
2140 5318 
95% Confidence Interval: 1.07 - 1.27 
2817 
3257 
6074 
p < 0.0005 
Risk score 
not calculated 
Risk score 
calculated 
Intervention in 
birth process 
448 
32.4% 
1692 
27.9% 
No intervention in 
birth process 
936 
67.6% 
4382 
72.1% 
1384 
6074 
7458 
p < 0.0005 
High risk scores (8 or more) were associated with almost twice the average risk of 
intervention in the birth process, where a risk score was estimated, and low risk 
scores (0 to 2) with a risk only two-thirds as great as the average risk. Where a risk 
score was not calculated as part of antenatal care, birth intervenfion was 16.1 per cent 
more likely than in pregnancies where a risk score was calculated. 
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Perinatal death: 
Risk scoring 
Table 4.6: Association between risk score and perinatal death. 
Risk score 
8 or more 
Risk score 
less than 8 
Perinatal death 
8 
1.1% 
58 
1.1% 
No perinatal death 
721 
98.9% 
5287 
98.9% 
Odds ratio: 1.01 
Odds rafio: 0.75 
Risk score 
not calculated 
66 6008 
95% Confidence Interval: 0.48 - 2.11 
Risk score 
3 to 7 
Risk score 
not 3 to 7 
Perinatal death 
23 
0.9% 
43 
1.2% 
No perinatal death 
2505 
99.1% 
3503 
98.9% 
66 6008 
95%) Confidence Interval: 0.45 - 1.24 
Risk score 
0 t o 2 
Risk score 
3 or more 
Perinatal death 
35 
1.2% 
31 
1.0% 
No perinatal death 
2782 
98.8% 
3226 
99.0% 
66 6008 
Odds rafio: 1.31 95% Confidence Interval: 0.81 - 2.11 
Risk score 
calculated 
Perinatal death 
58 
4.2% 
66 
1.1% 
No perinatal death 
1326 
95.8% 
6008 
98.9% 
124 7334 
Odds rafio: 3.86 95% Confidence Interval: 2.72 - 5.46 
729 
5345 
6074 
p = ns 
2528 
3546 
6074 
p = ns 
2817 
3257 
6074 
p = ns 
1384 
6074 
7458 
p < 0.0005 
Where a risk score was esfimated, high risk scores (8 or more) were associated with 
the same incidence of perinatal death as low risk scores (0 to 2). Where a risk score 
was not calculated as part of antenatal care, perinatal death was almost 4 times more 
likely than in pregnancies where a risk score was calculated. 
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Complicated birth: 
Women who gave birth to a baby which survived, weighing more than 2500 g at 34 or 
more weeks gestation, by unassisted vaginal birth with a normal third stage of labour 
were labeled uncomplicated, and less in need of a tertiary referral hospital such as 
Caims Base Hospital. They are compared, below, with women with one or more of 
the above complicating features in their pregnancy. 1911 of the 6074 women who had 
been risk scored (31.5%) had complicated pregnancies by this definifion; 625 of the 
1384 women who did not have risk scoring (45.2%) had complicated pregnancies. 
Overall, 2536 of the 7458 singleton pregnancies (34.0%) managed at Caims Base 
Hospital in this five year period were complicated as defined above. 
Table 4.7 (continued over page): Association between risk score and complicated 
birth 
729 
5345 
Risk score 
8 or more 
Risk score 
less than 8 
Complicated 
356 
48.8% 
1555 
29.1% 
Uncomplicated 
373 
51.2% 
3790 
70.9% 
Odds rafio: 1.68 
Sensifivity 18.6% 
Specificity 91.0% 
1911 4163 
95% Confidence Interval: 1.54 - 1.83 
Positive predictive value 48.8% 
Negative predictive value 70.9% 
1911 4163 
Odds rafio: 1.11 95% Confidence Interval: 1.03 - 1.20 
Sensitivity 44.2% Posifive predicfive value 33.4% 
Specificity 60.0% Negafive predictive value 69.9% 
6074 
p < 0.0005 
Risk score 
3 to 7 
Risk score 
not 3 to 7 
Complicated 
845 
33.4% 
1066 
30.1% 
Uncomplicated 
1683 
66.6% 
2480 
69.9% 
2528 
3546 
6074 
p<0.05 
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Table 4.7 (confinued): Association between risk score and complicated birth 
Risk score 
0 t o 2 
Risk score 
3 or more 
Complicated 
710 
25.2% 
1201 
36.9% 
Uncomplicated 
2107 
74.8% 
2056 
63.1% 
1911 4163 
Odds rafio: 0.68 95%) Confidence Interval: 0.63 - 0.74 
Sensitivity 37.2% Positive predictive value 25.2% 
Specificity 49.4% Negative predictive value 63.0% 
Odds ratio: 1.44 
Sensitivity 24.6%) 
Specificity 84.6% 
2536 4922 
95% Confidence Interval: 1.34 - 1.54 
Positive predictive value 45.2% 
Negative predictive value 68.5% 
2817 
3257 
6074 
p< 0.0005 
Risk score 
not calculated 
Risk score 
calculated 
Complicated 
625 
45.2% 
1911 
31.5% 
Uncomplicated 
759 
54.8% 
4163 
68.5% 
1384 
6074 
7458 
p< 0.0005 
High risk scores (8 or more) were associated with more than 1.5 times the average 
risk of complicated birth, where a risk score was esfimated, and low risk scores (0 to 
2) with a risk only two-thirds as great as the average risk. Where a risk score was not 
calculated as part of antenatal care, complicated birth was almost 1.5 times more 
likely than in pregnancies where a risk score was calculated. Specificity and negative 
predictive value calculations show that risk scoring is more useful in predicting who 
is not likely to need complicated pregnancy care, than who is likely to need such care. 
SYNTHESIS 
This study shows, quite clearly, that prospectively calculated antenatal risk score is 
directly related to significant pregnancy outcomes that require referral hospital care. 
The risk ratio data from Tables 4.3 to 4.7 is displayed in Figure 4.1. 
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High risk scores (8 or more) were associated with almost twice the average risk of 
low birthweight birth, with more than twice the average risk of birth before 34 weeks 
gestation, and almost twice the average risk of intervention in the birth process, 
where a risk score was estimated. 
Low risk scores (0 to 2) was associated with a risk of low birthweight birth, birth 
before 34 weeks gestation, and of intervention in the birth process only two-thirds as 
great as the average risk, where a risk score was estimated. 
Where a risk score was not calculated as part of antenatal care, low birthweight was 
more than 3 times more likely, preterm birth was almost 5 times more likely, and 
birth intervention was 10 per cent more likely, than in pregnancies where a risk score 
was not calculated. 
There was no measurable difference in perinatal mortality rate with differing risk 
scores, where risk scores were calculated. Where a risk score was not calculated as 
part of antenatal care the, perinatal death was almost 4 times more likely than in 
pregnancies where a risk score was calculated. It is likely that this latter mentioned 
correlation represents referral of women with complications of their pregnancy to 
Cairns Base Hospital from other regional healthcare institutions (including women 
with established intra-uterine fetal death, for induction of labour), and the 
presentation of women who have not attended anywhere for antenatal care. 
These correlations, along with the subjective feelings of many "occasional" antenatal 
care providers that the risk score system acts as an aide-memoire have led to the 
continuation of the system within Cairns Base Hospital and within those other 
regional healthcare institutions which can be influenced. It is continually emphasised 
to all who use the risk score that a low risk score does not guarantee a complication 
free outcome or an absence of risk. 
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Complicated birth 
Risk score not calculated 
Risk score 8 or more 
Risk score 3 to 7 
Risk score 0 to 2 
Low birthweight (<2500 q) 
Risk score not calculated 
Risk score 8 or more 
Risk score 3 to 7 
Risk score 0 to 2 
Prematurity (<34 weeks) 
Risk score not calculated 
Risk score 8 or more 
Risk score 3 to 7 
Risk score 0 to 2 
Birth intervention 
Risk score not calculated 
Risk score 8 or more 
Risk score 3 to 7 
Risk score 0 to 2 
Perinatal death 
Risk score not calculated 
Risk score 8 or more 
Risk score 3 to 7 
Risk score 0 to 2 
• — • — • 
• • • 
• - • - • 
• — • — • 
• — • — • 
- • • 
0.1 10 
Relative risk 
Figure 4.1: Relative risk of adverse obstetric outcome versus risk score 
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CHAPTER 5 
PERINATAL MORTALITY SURVEILLANCE 
Decreasing the very high perinatal mortality rate seen in Far North Queensland prior 
to 1990 was one of the major targets given to the author in 1990. Success, or 
otherwise, was related to the satisfactory development of the programs discussed in 
the preceding chapters, but the effects of these programs had to be seen, and 
monitored, on a region-wide basis, rather than simply watching the outcomes at 
Caims Base Hospital. 
Unlike several other Australian states, and many countries, Queensland did not have 
an effective formalised method of perinatal mortality surveillance prior to 1987. 
Therefore, historical data did not exist in any satisfactory form prior to this time. Data 
related to outcomes in the region had not been kept in any local forum. 
The author set out to develop a system of perinatal mortality review which would 
monitor the outcomes in the region, permit confidential review of such questions as 
avoidable factors in relation to perinatal deaths, and provide a potential for future 
research into unanswered questions of causation. It was important that such review 
worked in concert with, rather than in opposition to, the Queensland Council on 
Obstetric and Paediatric Morbidity and Mortality (QCOPMM) which was created in 
1989. The author was, in fact, a foundation member of the Council prior to moving to 
Caims. 
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DEVELOPMENT OF A PENINSULA AND TORRES STRAIT REGIONAL 
PERINATAL MORTALITY REVIEW. 
Informal Regional Review: 
During 1991 a series of visits was made to the various regional health facilifies which 
undertook significant pregnancy care, either as total pregnancy care or as antenatal-
only care. During these visits the author discussed the possibility of obtaining basic 
data from these facilities to begin to understand the regional situafion, and received 
unanimous support. In retum for data provision it was understood that a regional 
report would be provided, with appropriate care being taken to preserve the privacy of 
individuals. These plans were fully supported by the Peninsula and Torres Strait 
Regional Health Authority, and continues to be supported by the five health districts 
into which the region was subsequently split in 1995. 
Formalisation of the Peninsula and Torres Strait Regional Maternal and 
Perinatal Mortality and Morbidity Committee: 
During the above discussions, and during the author's membership of the Queensland 
Council on Obstetric and Paediatric Morbidity and Mortality, it became clear that 
discussion of issues such possible avoidable factors involved in perinatal deaths and 
counseling of practifioners involved in the care of particular cases v/ould be seriously 
hampered if the proceedings of the proposed Peninsula and Torres Strait Regional 
Maternal and Perinatal Mortality and Morbidity Committee were subject to subpoena 
or to provisions of the Freedom of Information act. As a consequence, the Peninsula 
and Torres Strait Regional Health Authority approached the Chief Health Officer for 
assistance. The result was that the Peninsula and Torres Strait Regional Maternal and 
Perinatal Mortality and Morbidity Committee, under the specified chairmanship of 
the author, was gazetted by the Governor-in-Council under Section 154 M&N of the 
Queensland Health Act, providing protection from subpoena and the Freedom of 
Information act. 
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REGIONAL PERINATAL MORTALITY REVIEW 
Classifications of Causation of Perinatal Death: 
Perinatal mortality data published by the Health Informafion Centre of Queensland 
Health, since 1987, was classified using ICD9 data related to the main condifion in 
the fetus / neonate. The Queensland Council on Obstetric and Paediatric Morbidity 
and Mortality had rejected this classification as being inadequate for the purpose of 
clinically useful review and had, instead, adopted a classificafion based upon that 
suggested by Whitfield and others in 1986^° (Table 5.1). This "Whitfield 
classification" related all cases of perinatal death back to the primary obstetric event 
that led to the death. It was much more satisfactory in relation to stillbirths than in 
relation to neonatal deaths, where events in the newbom period appeared to be 
ignored. 
Table 5.1: The 1986 "Whitfield classificafion 
1. Spontaneous preterm 
2. Intrauterine growth retardation 
3. Unexplained intrauterine death 
4. Intrapartum asphyxia 
5. Trauma 
6. Hypertension 
7. Maternal disease 
8. Antepartum haemorrhage 
9. Fetal abnormality 
10. Haemolytic disease 
11. Infecfion 
12. Other 
The "modified Whitfield classificafion" adopted by the Queensland Council on 
Obstetric and Paediatric Morbidity and Mortality in 1989 is shown in Table 5.2. 
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Table 5.2: Modified Whitfield classification, adopted by Queensland Council on 
Obstetric and Paediatric Morbidity and Mortality 1989 to 1997. 
1. Spontaneous preterm 
(a) Multiple 
(b) Previous bleeding 
(c) Spontaneous rupture of membranes 
(d) Cervical incompetence 
(e) Other eg. Uterine malformations 
(f) Infection 
(g) Idiopathic 
2. Intrauterine growth retardation 
(a) Birthweight < lO"" centile for gestational age 
(b) Birthweight > lO'*" centile for gestational age, but documented evidence 
of growth arrest 
3. Unexplained intrauterine death 
4. Intrapartum asphyxia 
5. Trauma 
6. Hypertension 
7. Maternal disease 
8. Antepartum haemorrhage 
(a) Placental abruption 
(b) Placenta praevia 
(c) Cause unknown 
9. Fetal abnormality 
10. Haemolytic disease 
11. Infection 
12. Cord complicafions or primary placental pathology 
13. Other 
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Though the use of the Queensland Council on Obstetric and Paediatric Morbidity and 
Mortality modified Whitfield classificafion by the Peninsula and Torres Strait 
Regional Maternal and Perinatal Mortality and Morbidity Committee, and in this 
review, meant that there was difficulty in comparing the incidence of various causes 
of perinatal death with other areas of Queensland as published by the the Health 
Information Centre of Queensland Health, the extra clinical significance available 
from this classificafion, and the ability to work co-operatively with of the Queensland 
Council on Obstetric and Paediatric Morbidity and Mortality, was of importance in 
the choice. 
In 1995 the Queensland Council on Obstetric and Paediatric Morbidity and Mortality 
also adopted a classification of neonatal deaths (QCOPMM neonatal classification) 
based on the major event in the neonate's life which directly led to its demise. Since 
its inception in 1996, the Peninsula and Torres Strait Regional Maternal and Perinatal 
Mortality and Morbidity Committee has used this classification, in tandem with the 
1989 modified Whitfield obstetric classification. It has not been used in this review. 
as it was not possible to retrospectively apply it to the deaths from 1991 to 1995. 
Table 5.3: Classification of neonatal deaths, Queensland Council on Obstetric and 
Paediatric Morbidity and Mortality, 1995 (QCOPMM neonatal classification). 
1. Extreme prematurity (less than 26 weeks gestation) 
1.1 Not resuscitated 
1.2 Unsuccessful resuscitation 
2. Congenital abnormality 
2.1 Central nervous system 
2.2 Cardiovascular 
2.3 Urinary tract 
2.4 Gastrointestinal tract 
2.5 Chromosomal / syndrome 
2.6 Metabolic 
2.7 Mulfiple abnormalities 
2.8 Respiratory 
2.9 Other 
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J . Respiratory distress syndrome 
3 1 Respiratory distress syndrome 
3 ^ Respiratory distress syndrome with pulmonary air leak 
Respiratory distress svndrome with pulmonary haemorrhage J . J 
4. Other respiratory disorders 
4.1 Meconium aspirafion 
4.2 Primary persistent pulmonary hypertension 
4.3 Bronchopulmonary dysplasia 
4.4 Other 
5. Neurological 
5.1 Hypoxic ischaemic haemorrhage 
5.2 Intracranial haemorrhage 
5.3 Other 
6. Gastrointestinal 
6.1 Necrofising enterocolitis 
6.2 Other 
7. Metabolic / endocrine 
8. Infecfion 
8.1 Congenital bacterial 
8.2 Congenital viral 
8.3 Acquired bacterial 
8.4 Acquired viral 
8.5 Other 
9. Other 
9.1 Sudden infant death syndrome 
9.2 Idiopathic hydrops fetalis 
9.3 Accident, poisoning or violence (postnatal) 
9.4 Haemorrhage (includes twin to twin transfusion) 
9.5 Unknown / unexplained 
9.6 Other 
In 1997 a further modification of the Whitfield classification was adopted by 
Queensland Council on Obstetric and Paediatric Morbidity and Mortality (the 
QCOPMM obstetric classification); this classification is not used here, as this review 
covers the period of fime prior to 1997. 
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Definitions of perinatal death: 
The other major cause of confusion in attempting perinatal mortality review in 
Queensland is that created by the difference in the legal definition of perinatal death 
between Queensland and other Australian states, and the World Health Organisation. 
To be most useful, such review should be capable of comparison whh data from other 
areas, and the Peninsula and Torres Strait Regional Matemal and Perinatal Mortality 
and Morbidity Committee chose to use both the Queensland definitions (to work co-
operatively with the Queensland Council on Obstetric and Paediatric Morbidity and 
Mortality) and the Australian Bureau of Statistics (A.B.S.) definitions (based upon the 
World Health Organisation definition) for comparative purposes (Table 5.4). 
Table 5.4: Queensland and Australian Bureau of Stafistics (World Health 
Organisation based) definitions of perinatal death. The later definition is used in this 
review when comparisons are made with other jurisdictions. 
Queensland: Stillbirth of a baby of 20 or more weeks gestation or of 400 g or 
more birthweight, or death of a live born baby within the first 28 days of life. 
Australian Bureau of Statistics: Stillbirth of a baby of 500 g or more 
birthweight or, when the birthweight is not available, of 22 weeks gestation, or 
death of a live bom baby within the first 28 days of life. 
Accuracy of data: 
The data collected for this review, by the nature of the voluntary provision of 
information by regional Medical Superintendents and Directors of Nursing who rely 
on the accuracy of data provided by their staff and records, cannot be thoroughly 
checked for accuracy. The inclusion of varied regional medical and nursing 
pracfitioners on the Peninsula and Torres Strait Regional Matemal and Perinatal 
Mortality and Morbidity Committee in 1996. and the feedback of regional reports to 
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the health institutions involved does appear to make reporting as accurate as possible 
in these circumstances. 
There are clear areas, such as homebirth, where data was not obtained. It was only in 
late 1997 that one pair of independent midwives agreed to co-operate and provide 
their data, and it is known that a small number of births do occur in the region without 
qualified healthcare workers in attendance. 
A small number of perinatal deaths have occurred outside the region, after medical 
transfer of the fetus in-utero or of the neonate to other institutions. In keeping with the 
Queensland Council on Obstetric and Paediatric Morbidity and Mortality decision to 
"allocate" such perinatal deaths to the institution / region where the death occurs, 
these deaths are not considered here. 
Classification of individual deaths: 
Cairns Base Hospital and Calvary Private Hospital hold a regular combined Cairns 
perinatal mortality review, which has been chaired by the author since mid-1990. This 
review process classified all perinatal deaths from these two institutions. Prior to the 
inauguration of the Peninsula and Torres Strait Regional Maternal and Perinatal 
Mortality and Morbidity Committee in January 1996. the deaths from institutions 
other than Cairns Base Hospital and Calvary Private Hospital, Cairns were classified 
by the author alone, on the basis of data made available from the institution at which 
the death occurred. In some cases, the information available was inadequate, and the 
only possible classificafion in these cases was "unexplained". From 1996 onwards, 
the Peninsula and Torres Strait Regional Maternal and Perinatal Mortality and 
Morbidity Committee classified all deaths. In 2000 QCOPMM moved towards a 
three-zone approach, building upon the Peninsula and Torres Strait Regional Maternal 
and Perinatal Mortality and Morbidity Committee model. 
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Membership of the Peninsula and Torres Strait Regional Maternal and 
Perinatal Mortality and Morbidity Committee: 
Membership of this committee is voluntary, and meetings occur out of normal work 
hours in member's own time. The original membership was by invitation from the 
chairman (the author), in consultation with the Caims Health District Manager and 
the Caims Base Hospital Head of Paediatrics. Since the committee's inception, 
replacement of a member who resigns occurs after consideration by the full 
committee. 
As far as possible, the membership of the committee seeks to include an obstetrician 
in public practice and an obstetrician in private practice, a paediatrician in public 
practice and a paediatrician in private practice, an obstetrically-acti\ e rural doctor in 
public hospital practice and an obstetrically-active rural doctor in private practice, a 
pathologist, a public health physician with an infectious disease interest, a midwife 
and a neonatal nurse. Membership from all the health districts is sought, but not 
always possible. 
REVIEW OF PERINATAL MORTALITY IN THE PENINSULA AND 
TORRES STRAIT REGION IN THE DECADE 1987 - 1996 
Prior to 1991 there was no formalised review of all perinatal mortality performed 
within the Peninsula and Torres Strait Region, though some individual institutions 
(Atherton, Cairns Base, Innisfail, and Thursday Island Hospitals) had undertaken 
review of their own cases. 
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Table 5.5: Births and Perinatal Deaths (A.B.S definition) - Cairns Base Hospital, 
Peninsula and Torres Strait Region. Queensland and Australia, 1987 to 1996. 
Place 
Cairns 
Base 
Hospital 
Peninsula 
& Torres 
Strait 
Region 
Queensland 
Australia 
Parameter 
Births 
Sfillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Births 
Sfillbirths 
Sfillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Births 
Sfillbirths 
Sfillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Births 
Sfillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
1987 
1352 
12 
8.9 
13 
9.7 
25 
18.5 
2972 
21 
7.1 
24 
8.1 
45 
15.1 
39219 
231 
5.9 
223 
5,7 
454 
11.6 
244434 
1432 
5.8 
1159 
4.8 
2591 
10.6 
1988 
1294 
10 
7.7 
11 
8.6 
21 
16.2 
3039 
20 
6.6 
17 
5.6 
37 
12 2 
41069 
241 
5.9 
179 
4.4 
420 
10.2 
246449 
1473 
6 
1164 
4.7 
2637 
10.7 
1989 
1306 
10 
7.7 
10 
7.7 
20 
15.3 
3098 
15 
4.8 
21 
6.8 
36 
11.6 
42772 
232 
5.4 
194 
4.6 
426 
10 
253434 
1451 
5.8 
1058 
4.2 
2509 
9.9 
1990 
1416 
18 
12.7 
14 
10 
32 
22.6 
3294 
25 
7.6 
27 
8.3 
52 
15.8 
44948 
253 
5.6 
193 
4.3 
446 
9.9 
262495 
1590 
6 
1122 
4.3 
2712 
10.3 
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Table 5.5 (continued): Births and Perinatal Deaths (A.B.S definifion) - Caims Base 
Hospital, Peninsula and Torres Strait Region, Queensland and Australia, 1987 to 
1996. 
1991 
1561 
28 
17.9 
9 
5.9 
37 
23.7 
3364 
39 
11.6 
16 
4.8 
55 
16.3 
44697 
261 
5.8 
166 
3.7 
427 
9.6 
256169 
1478 
5.7 
1012 
3.9 
2490 
9.6 
1992 
1634 
17 
10.4 
10 
6.2 
27 
16.5 
3482 
26 
7.5 
18 
5.2 
44 
12.6 
46624 
239 
5.1 
197 
4.2 
436 
9.4 
262069 
1493 
5.6 
1015 
3.8 
2508 
9.4 
1993 
1609 
11 
6.8 
8 
5 
19 
11.8 
3519 
18 
5.1 
13 
3.7 
31 
8.8 
47326 
215 
8.5 
188 
4 
403 
8.5 
260061 
1245 
4.8 
886 
3.4 
2131 
8.2 
1994 
1609 
17 
10.6 
4 
2.5 
21 
13.1 
3547 
31 
8.7 
10 
2.8 
41 
11.6 
47950 
259 
5.4 
151 
3.2 
410 
8.6 
257867 
1207 
4.7 
868 
3.4 
2075 
1 ^ 
1995 
1664 
17 
10.2 
7 
4.3 
24 
14.4 
3640 
24 
6.6 
16 
4.4 
40 
11 
48411 
264 
5.5 
176 
3.6 
440 
9.1 
256004 
1283 
5.0 
811 
3,2 
2094 
8.1 
1996 
1598 
15 
9,4 
6 
3.8 
21 
13.1 
3493 
26 
7.4 
10 
2.9 
36 
10.3 
47942 
246 
5,1 
152 
3,2 
398 
8.3 
256357 
1411 
5,5 
759 
3,0 
2170 
8.5 
Place 
Caims 
Base 
Hospital 
Peninsula 
& Torres 
Strait 
Region 
Queensland 
Australia 
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Perinatal Mortality Rate (per 1000 births) 
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Figure 5.1: Perinatal Mortality Rates (A.B.S definition) - Cairns Base Hospital, 
Peninsula and Torres Strait Region, Queensland and Australia. 1987 to 1996. 
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Figure 5.2: Sfillbirth Rates (A.B.S definition) - Caims Base Hospital, Peninsula and 
Torres Strait Region, Queensland and Australia, 1987 to 1996. 
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Neonatal Mortality Rate (per 1000 live births) 
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Figure 5.3: Neonatal Mortality Rates (A.B.S definition) - Cairns Base Hospital, 
Peninsula and Torres Strait Region. Queensland and Australia, 1987 to 1996. 
Data obtained from the Health Information Centre. Queensland Health^' and the 
Australian Institute of Health and Welfare (AIHW)^^ " '^ '' '^ ^\ for births of 500 g 
or more, provides the information for the decade 1987 (the first year of formalised 
data collection in Queensland) to 1996; these data are shown in Tables 5.5 and 5.6, 
and summarised in Figures 5.1 to 5.3. State-based midwife data reporting are the 
original source of these data. 
The perinatal mortality rate has fallen over the decade in all the jurisdictions 
examined, and these falls are mirrored in the neonatal mortality rate: stillbirth rates 
have seen little overall change. These perinatal mortality falls are only statistically 
significant in relation to Queensland (R.R. 0.72. 95% C.I. 0.63-0.82) and Australian 
figures (R.R. 0.80, 95% C.I. 0.75-0.85), as are the neonatal mortality falls in 
Queensland (R.R. 0.56, 95% C.I. 0.45-0.69) and Australia (R.R. 0.62, 95% C.I. 0.57-
0.68. The number of births at Caims Base Hospital and in the Peninsula and Torres 
Strait Region are too small for the changes seen to be statistically significant. 
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Table 5.6: Indigenous and Non-Indigenous Perinatal Deaths - Cairns Base Hospital, 
Peninsula and Torres Strait Region, and Queensland 
Place 
Cairns 
Base 
Hospital 
Peninsula 
& Torres 
Strait 
Region 
Queensland 
Place 
Cairns 
Base 
Hospital 
Peninsula 
& Torres 
Strait 
Region 
Queensland 
Parameter 
Indigenous Births 
Stillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Indigenous Births 
Stillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Indigenous Births 
Stillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Parameter 
Non-indigenous Births 
Stillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortalitv rate 
Non-indigenous Births 
Stillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
Non-indigenous Births 
Stillbirths 
Stillbirth rate 
Neonatal deaths 
Neonatal mortality rate 
Perinatal deaths 
Perinatal mortality rate 
1987 
412 
-1 
7.3 
4 
9.8 
7 
17.0 
665 
9 
25.6 
8 
12 2 
17 
25.6 
1870 
-n 
11.8 
16 
29.6 
38 
20.3 
1987 
940 
9 
9.6 
9 
9.7 
18 
19.1 
2307 
12 
5.2 
16 
7.0 
28 
12.1 
37349 
209 
5.6 
207 
5.6 
416 
11.1 
, 1987 to 1996. 
1988 
376 
5 
13.3 
5 
13.5 
10 
26.6 
623 
11 
17.7 
7 
11.4 
18 
28.9 
1677 
29 
17.3 
17 
10.3 
46 
27.4 
1988 
918 
5 
5.4 
6 
6.6 
11 
12.0 
2416 
9 
3.7 
10 
4.2 
19 
10.0 
39392 
212 
5.4 
162 
4.1 
374 
9.5 
1989 
366 
6 
16.4 
6 
16.7 
12 
32.8 
696 
9 
12.9 
14 
20.3 
23 
33.0 
1921 
24 
12.5 
20 
10.5 
44 
22.9 
1989 
940 
4 
4.3 
4 
4.3 
8 
8.5 
2402 
6 
2.5 
7 
2.9 
13 
5.4 
40851 
208 
5.1 
174 
4.3 
382 
9.4 
1990 
431 
10 
23.2 
6 
14.3 
16 
37.1 
771 
12 
15.6 
12 
15.8 
24 
31.1 
2211 
26 
11.8 
24 
11.0 
50 
22.6 
1990 
985 
8 
8.1 
8 
8.2 
16 
16.2 
2523 
13 
5.2 
15 
6.0 
28 
11.1 
42737 
227 
5.3 
169 
4.0 
396 
9.3 
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Table 5.6 (continued): Indigenous and Non-Indigenous Perinatal Deaths - Caims 
Base Hospital, Peninsula and Torres Strait Region, and Queensland, 1987 to 1996. 
1991 
453 
9 
19.9 
4 
9.0 
13 
28.7 
804 
13 
16.2 
8 
10.1 
21 
26.1 
2211 
26 
11.8 
22 
10.1 
48 
21.7 
1991 
1108 
19 
17.1 
5 
4.6 
24 
21.7 
2560 
26 
10.1 
8 
3.2 
34 
13.3 
42486 
235 
5,5 
144 
3.4 
379 
8.9 
1992 
460 
7 
15.2 
2 
4.4 
9 
19.6 
847 
9 
10.6 
5 
6.0 
14 
16.5 
2387 
24 
10.1 
17 
7.2 
41 
17.2 
1992 
1174 
10 
8.5 
8 
6.9 
18 
15.3 
2635 
17 
6.5 
13 
5.0 
30 
11.4 
44237 
215 
4.9 
180 
4.1 
395 
8.9 
1993 
463 
2 
10.8 
3 
6.5 
5 
10.8 
803 
7 
8.7 
7 
8.8 
14 
17.4 
2304 
30 
13.0 
18 
7.9 
48 
20.8 
1993 
1146 
9 
7.9 
5 
4.4 
14 
12 2 
2716 
11 
4.1 
6 
2 2 
17 
6.3 
45022 
185 
4.1 
170 
3.8 
355 
7.9 
1994 
440 
4 
9.1 
2 
4.6 
6 
13.6 
778 
12 
15.4 
5 
6.5 
17 
21.9 
2379 
32 
13.5 
15 
6.4 
47 
19.8 
1994 
1169 
13 
11.1 
~i 
1.7 
15 
12.8 
2769 
19 
6.9 
5 
1.8 
24 
8.7 
45571 
227 
5.0 
136 
3.0 
363 
8.0 
1995 
480 
12 
25.0 
6 
12.8 
18 
37.4 
830 
17 
20.5 
6 
7.4 
23 
27.7 
2492 
36 
14.4 
21 
8.6 
57 
11 9 
1995 
1184 
5 
4.2 
1 
0.8 
6 
5.1 
2810 
7 
2.5 
10 
3.6 
17 
6.0 
45919 
228 
5.0 
155 
3,4 
383 
8.3 
1996 
416 
5 
12.0 
4 
9.7 
9 
21.6 
825 
11 
13.3 
8 
9.8 
19 
23.0 
2634 
25 
9.5 
19 
7.3 
44 
16.7 
1996 
1182 
10 
8.5 
T 
1.7 
12 
10.2 
2668 
15 
5.6 
0 
0.8 
17 
6.4 
45308 
221 
4.9 
133 
2.9 
354 
7.8 
Place 
Cairns 
Base 
Hospital 
Peninsula 
& Torres 
Strait 
Region 
Queensland 
Place 
Cairns 
Base 
Hospital 
Peninsula 
& Torres 
Strait 
Region 
Queensland 
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Perinatal Mortality Rate (per 1000 births) 
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Figure 5.4: Perinatal Mortality Rates (A.B.S definition) - Indigenous versus non-
indigenous - Peninsula and Torres Strait Region and Queensland, 1987 to 1996. 
Stillbirth Rate (per 1000 births) 
30 
25 -\ 
20 
15 
10 -
5- i : ; ; ^ A 
-•— Indigenous (P&TSR) 
-A— Indigenous (Qld) 
• Non-indigenous (P&TSR) 
A Non-indigenous (Qld) 
•'- A- A- - - -A 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Figure 5.5: Sfillbirth Rates (A.B.S definition) - Indigenous versus non-indigenous 
Peninsula and Torres Strait Region and Queensland, 1987 to 1996. 
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Neonatal Mortality Rate (per 1000 live births) 
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Figure 5.6: Neonatal Mortality Rates (A.B.S definifion) - Indigenous versus non-
indigenous - Peninsula and Torres Strait Region and Queensland, 1987 to 1996. 
A comparison of perinatal mortality, stillbirth and neonatal mortality rates (A.B.S 
definition) for indigenous and non-indigenous people is seen at Cairns Base Hospital, 
in the Peninsula and Torres Strait region, and in Queensland, for the decade 1987 to 
1996, in Table 5.6 and in Figures 5.4 to 5.6 
Over the decade 1987 to 1996 indigenous perinatal mortality rates (and the 
constituent stillbirth and neonatal mortality rates) were two to three times the 
comparable non-indigenous rates, and there is no recognisable narrowing in the 
difference between the two sets of data. Data is not available Australia-wide, as some 
states do not collect birth data involving ethnicity. 
There has been a recognisable trend towards reduced neonatal mortality rates in both 
indigenous and non-indigenous groups, but no significant change in the stillbirth 
rates. 
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Review of Peninsula and Torres Strait regional perinatal deaths 1991 - 1996: 
288 perinatal deaths (Queensland definition) are known to have occurred in the 
healthcare institutions in the Peninsula and Torres Strait region during the years 1991 
to 1996; 40 were less than 500 g, and so would not be classified as perinatal deaths by 
the A.B.S definifion. During this period all perinatal deaths of 400 g or more were 
examined and classified according to the "'modified Whitfield classification" (shown 
in Table 5.2); from 1991 to 1995 classification was performed by the author, and 
subsequently by the Peninsula and Torres Strait Regional Maternal and Perinatal 
Mortality and Morbidity Committee. It is not possible to access data, either from 
Queensland Health or local sources, to classify deaths during the remainder of the 
decade examined above (1987 to 1990) in this manner. 
In one death, where half the body of a near term sized infant was discovered in 
circumstances which led to the belief that the baby had been cut in half in the 
perinatal period, no other details are available. 
204 (71.1%) of the 287 perinatal deaths were stillbirths, and 83 (29.9%) neonatal 
deaths. 205 (74.0%) of the 277 deaths where the birthweight was known were low 
birthweight births (less than 2500 g). 
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Causation of perinatal deaths: 
Table 5.7: Classificafion of causafion of regional perinatal deaths (>400g) by primary-
obstetric event ("modified Whitfield classification'"), 1991 to 1996. 
Perinatal Death Category 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Spontaneous 
Preterm 
Intra-uterine Growth 
Retardation 
Unexplained 
Intra-uterine Death 
Trauma 
Intrapartum 
Asphyxia 
Hypertension 
Matemal Disease 
Antepartum 
Haemorrhage 
Fetal Abnormalitv 
Haemolvtic Disease 
Infection 
Cord Complications/ 
Primary Placental 
Pathology 
Other 
Total 
1991 
7 
20 
O 
-> 
J 
4 
13 
n 
4 
-) 
57 
1992 
7 
12 
1 
0 
-) 
1 
~l 
4 
7 
-) 
-> 
42 
1993 
6 
8 
1 
-> 
1 
-) 
5 
4 
30 
1994 
7 
16 
-) 
1 
^ 
J 
"> J 
8 
43 
1995 
9 
-) 
9 
1 
-) 
2 
4 
4 
4 
1 
1 
39 
1996 
5 
4 
10 
1 
1 
9 
6 
1 
37 
Total 
41 
6 
75 
5 
10 
9 
1 
16 
38 
31 
10 
6 
248 
Three quarters of all these perinatal deaths were due to four causal groups - 30.2% (75 
of 248 cases) were classified as unexplained intrauterine fetal deaths. 16.5°'o (41 of 
248) were due to spontaneous preterm birth, 15.3°o (38 of 248) were due to fetal 
abnormality and 12.5°'o (31 of 248) were due to infection. This distribution is unusual, 
with spontaneous preterm being the most common classification and infection being 
less common in most jurisdictions. 
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Table 5.8: Comparison of indigenous versus non-indigenous causation of regional 
perinatal deaths (>400g) by primary obstetric event ("modified Whitfield 
classification"). 1991 to 1996. 
Perinatal Death Category 
Spontaneous Preterm 
Intra-uterine Growth Retardation 
Unexplained Intra-uterine Death 
Trauma 
Intrapartum Asphyxia 
Hypertension 
Maternal Disease 
Antepartum Haemorrhage 
Fetal Abnormality 
Haemolytic Disease 
Infection 
Cord Complications / 
Primary Placental Pathology 
Other 
Total 
Indigenous 
Perinatal Deaths 
35 
(28.0%) 
3 
(2.4%) 
31 
(24.8%) 
4 
(3.2%) 
1 
(0.8%) 
6 
(4.8%) 
1 
(0.8%) 
7 
(5.6%) 
13 
(10.4%) 
20 
(16.0%)) 
2 
(1.6%) 
2 
(1.6%) 
125 
(100%) 
Non-indigenous 
Perinatal Deaths 
28 
(17.3%) 
3 
(1.9%) 
49 
(30.2%) 
2 
(1.2%) 
9 
(5.6%) 
-1 
(1.9%) 
10 
(6.2%) 
30 
(18.5%) 
2 
(1.2%) 
13 
(8.0%)) 
10 
(6.2%) 
(1.9%) 
162 
(100%) 
The distribution of cause of perinatal death is seen to differ between indigenous and 
non-indigenous perinatal deaths, with spontaneous preterm birth (R.R. 1.62; 95%) C.I. 
1.04 - 2.51; p<0.05) and infection (R.R. 1.99: 95% C.I. 1.03 - 3.85; p<0.05) being 
significantly more predominant causes in indigenous people, and unexplained 
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intrauterine fetal death (R.R. 1.22; 95% C.I. 0.83 - 1.79; p=0.31.) and fetal 
abnormality (R.R. 1.78; 95% C.I. 0.97 - 3.27; p=0.056) more predominant causes in 
non-indigenous people. 
Perinatal death due to spontaneous preterm birth: 
Table 5.9: Comparison of indigenous versus non-indigenous causation of regional 
perinatal deaths (>400g) due to spontaneous preterm birth, 1991 to 1996. 
Multiple pregnancy 
Previous bleeding 
Spontaneous rupture of 
membranes 
Cervical incompetence 
Other 
Infection 
Idiopathic 
Total 
Number of Indigenous 
Perinatal Deaths 
7 
5 
3. 
1 
0 
17 
35 
Number of Non-indigenous 
Perinatal Deaths 
J 
5 
4 
1 
1 
4 
10 
28 
Though the incidence of spontaneous preterm birth is higher in indigenous people the 
only recognisable difference between the two groups is a much larger indigenous 
group where the underlying cause not known. 
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Perinatal death due to infection: 
Table 5.10: Comparison of indigenous versus non-indigenous causation of regional 
perinatal deaths (>400g) due to infecfion, 1991 to 1996. 
Chorioamnionitis 
Group B Strep 
Septicaemia 
Syphilis 
Other 
Total 
Number of Indigenous 
Perinatal Deaths 
4 
3 
13 
20 
Number of Non-indigenous 
Perinatal Deaths 
8 
1 
2 
1 
1 
13 
Congenital syphilis is seen to be an important cause of preventable perinatal death in 
the region, with all but one case occurring in an indigenous person. In all cases, 
antenatal care was grossly inadequate or non-existent, such that maternal treatment 
was not commenced or commenced too late to allow potential treatment of the fetus. 
Birthweight distribution: 
Table 5.11: Birthweight distribution of regional perinatal deaths (>400g), 1991 to 
1996. 
Birthweight 
<1000g 
1000-1499 g 
1500-2499 g 
All <2500 g 
>2500g 
Unknown 
Total 
Indigenous 
Perinatal Deaths 
(4887 births) 
61 (48.8%) 
19(15.2%) 
18 (14.4%) 
98 (78.4%) 
21 (16.8%) 
6 (4.8%) 
125 (100%) 
Non-indigenous 
Perinatal Deaths 
(16158 births) 
66 (40.7%) 
14(8.6%) 
27(16.7%) 
107(66.0%) 
52(32.1%) 
4 (2.5%) 
162(100%) 
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The relative risk of perinatal death for indigenous people in the Peninsula and Torres 
Strait region from 1991 to 1996, compared with non-indigenous people, was 2.55 
(95% C.I. 2.02 - 3.21, p<0.005). Whilst two thirds (66.0%) of the non-indigenous 
perinatal deaths were in low birthweight (< 2500 g) births, more than three quarters 
(78.4%)) of indigenous perinatal deaths were in low birthweight births - this 
difference is highly significant (Chi square 7.97, p < 0.005). 
Table 5.12: Birthweight distribution of non-anomalous regional perinatal deaths 
(>400g), 1991 to 1996. 
Birthweight 
< 1000 g 
1000-1499 g 
1500-2499 g 
All <2500 g 
>2500g 
Unknown 
Total 
Non-anomalous 
Indigenous 
Perinatal Deaths 
(4887 births) 
56 (50.0%) 
19(17.0%) 
13(11.6%) 
88 (78.6%) 
18(16.1%) 
6(5.4%) 
112(100%) 
Non-anomalous 
Non-indigenous 
Perinatal Deaths 
(16158 births) 
52 (39.4%) 
11 (8.3%) 
21 (15.9%) 
84(63.6%) 
45(34.1%) 
4 (3.0%) 
132(100%) 
Though the data in Table 5.8 shows a significant trend towards a higher incidence of 
fetal anomalies in non-indigenous people, the difference in birthweight distribution is 
not changed by the consideration of only non-anomalous perinatal deaths. (Chi square 
6.50, p < 0.05). 
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Type of perinatal death: 
Table 5.13 Type of regional perinatal death (>400g), 991 to 1996 
Indigenous 
Perinatal Deaths 
Non-indigenous 
Perinatal Deaths 
Stillbirths 79 (63.2%) 125 (77.2%)) 
Neonatal Deaths 46 (36.8%) 37 (22.8%o) 
Total 125 (100%) 162(100%) 
Though stillbirths predominate in both indigenous and non-indigenous groups, the 
proportion of stillbirths to neonatal deaths is significantly different (Chi square 7.67, 
p<0.05). 
Avoidable factors: 
Assessment of avoidable factors only commenced in 1996, when the Peninsula and 
Torres Strait Regional Maternal and Perinatal Mortality and Morbidity Committee 
began its deliberations under protection from subpoena and the Freedom of 
Information act; this review was felt to be inappropriate prior to the committee being 
gazetted by the Governor-in-Council under Section 154 M&N of the Queensland 
Health Act. 
In 1996, factors were idenfified in 15 (possibly 16) of the 44 regional perinatal deaths 
which may have contributed to the perinatal death and which were considered to be 
(potentially) avoidable. More than one factor was found in some cases. This 
information was included in the report circulated to all regional healthcare facilities, 
and the author (as Chairman of the Peninsula and Torres Strait Regional Maternal and 
Perinatal Mortality and Morbidity Committee) individually counselled medical 
pracfitioners where appropriate. More information is needed before valid conclusions 
can be drawn from this early data. This review continues. 
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Table 5.14: Avoidable factors idenfified in regional perinatal deaths (>400g) in 1996. 
Lack of, or insufficient, antenatal care 
Inappropriate antenatal care 
Inadequate monitoring of fetal welfare 
Inappropriate place of birth 
Late presentation of sick neonate for care 
Laboratory error 
Communication failure between two healthcare facilities 
Lack of an obstetric emergency protocol manual 
Common protocol for investigation of stillbirths: 
In a number of cases of perinatal death (stillbirths, in particular) it was not possible to 
categorise the cause as any other than unexplained due to lack of adequate 
information. The Peninsula and Torres Strait Regional Maternal and Perinatal 
Mortality and Morbidity Committee, therefore, developed a minimum set of 
investigations that it believed should always be performed, with the consent of the 
parents. At the beginning of 1997 this -'Sfillbirth Protocol" was communicated to all 
regional healthcare institutions, with the aim of gaining a better understanding of 
causation. 
Specimen preservation: 
The high incidence of unexplained intrauterine fetal death in the region has prompted 
much speculation regarding the cause, with an, as yet, unidentified tropical infective 
agent and matemal dehydration being the most popular (but totally unproven) 
theories. Anecdotal comments suggest that a similar situation is found in other 
tropical areas (eg. Northem Territory, Papua New Guinea), but hard data is not 
available. A decision was taken in late 1997 to start freezing specimens of liver, lung 
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and brain, obtained at autopsy, from regional stillbom babies for possible future 
examination for infecti\e and / or other causes. 
Table 5.15: Common protocol for investigation of stillbirths. 
Maternal Investigations: 
Full blood examination and erythrocyte sedimentation rate 
Kleihauer test 
Coagulation screen 
Lupus anticardiolipin antibodies 
Blood group and antibody screen 
TORCH screen 
RPR or VDRL (with FTA and TPHA if RPR or VDRL positive) 
Thyroid function tests 
Glycosolated haemoglobin (Hb AlC) 
Parental Karyotypes (if karyotype not available from baby - see below) 
Baby Investigations: 
Birthweight and placental weight 
Swabs from fetal surface of placenta, and gastric aspirate from baby, for MCS 
Cord blood for haemoglobin, blood group. Coombs test, blood group antibody 
screen, TORCH screen, and RPR or VDRL (with FTA and TPHA if RPR or 
VDRL posifive) 
Chorionic villous specimen for fetal karyotype 
Autopsy and placental histology 
SYNTHESIS 
A system of perinatal mortality review has been developed to monitor the outcomes 
in the region, permit confidential review of such questions as avoidable factors in 
relation to perinatal deaths, and provide a potential for future research into 
unanswered questions of causation. This review mechanism works in concert with the 
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Queensland Council on Obstetric and Paediatric Morbidity and Mortality 
(QCOPMM). 
Using the Australian Bureau of Statistics definition of a perinatal death (stillbirth of a 
baby of 500 g or more birthweight or, when the birthweight is not available, of 22 
weeks gestation, or death of a live born baby within the first 28 days of life) and the 
Queensland Council on Obstetric and Paediatric Morbidity and Mortality modified 
Whitfield classificafion of cause of perinatal death by initial obstetric event, the 
decade from 1987 to 1996 is reviewed. During this period, indigenous perinatal 
mortality, stillbirth and neonatal mortality rates in the Peninsula and Torres Strait 
Region, and across Queensland, were two to three fimes the comparable non-
indigenous rates, and there is no recognisable narrowing in the difference between the 
two sets of data. Data is not available Australia-wide, as some states do not collect 
birth data involving ethnicity. 
The perinatal mortality rate has fallen over the decade in all the jurisdictions 
examined, and these falls are mirrored in the neonatal mortality rate; stillbirth rates 
have seen little overall change. 
All perinatal deaths in the Peninsula and Torres Strait Region (>400g) have been 
examined since the beginning of 1991. There has been a recognisable trend towards 
reduced neonatal mortality rates in both indigenous and non-indigenous groups, but 
no significant change in the stillbirth rates. Three quarters of all regional perinatal 
deaths were due to four causal groups - unexplained intrauterine fetal deaths (30.2%). 
spontaneous preterm birth (16.5%). fetal abnormality (15.3%) and infecfion (12.5%). 
This distribution is unusual, with spontaneous preterm being the most common 
classification and infecfion being less common in most jurisdicfions. Indigenous 
people were more than 2.5 times more likely than non-indigenous people to have a 
perinatal death. A significanfiy higher proportion of indigenous perinatal deaths 
(compared with non-indigenous perinatal deaths) occurred in low birthweight 
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(<2500g) births. Though stillbirths predominate in both indigenous and non-
indigenous groups, the proportion of stillbirths to neonatal deaths is significantly. 
The distribution of cause of perinatal death differs considerably between indigenous 
and non-indigenous perinatal deaths, with spontaneous preterm birth and infection 
being significantly more predominant causes in indigenous people, and unexplained 
intrauterine fetal death and fetal abnormality more predominant causes in non-
indigenous people. Though the incidence of spontaneous preterm birth is higher in 
indigenous people the only recognisable difference between the two groups is a much 
larger indigenous group where the underlying cause of preterm birth is not known. 
Congenital syphilis is an important cause of preventable perinatal death in the region, 
with all but one case occurring in an indigenous person. In all cases, antenatal care 
was grossly inadequate or non-existent, such that maternal treatment was not 
commenced or commenced too late to allow potential treatment of the fetus. 
Assessment of avoidable factors commenced in 1996, when the Peninsula and Torres 
Strait Regional Maternal and Perinatal Mortality and Morbidity Committee began its 
deliberations under protection from subpoena and the Freedom of Information act. A 
common protocol for investigation of stillbirths has been adopted throughout the 
region, and tissue samples from stillbirths are being frozen for possible future 
investigation. 
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THE RELATIONSHIP BETWEEN LOW BIRTHWEIGHT, 
PERINATAL MORTALITY AND RISK FACTORS 
The retrospective data from the obstetric database at Cairns Base Hospital showed 
clearly that there was a significantly higher incidence of low birthweight births to 
Aboriginal women, compared with Australian-born Caucasian women (Risk rafio 
2.41, 95% confidence interval 2.06-2.82)(Table 3.43). 
Review of the data from the Peninsula and Torres Strait Regional Matemal and 
Perinatal Mortality and Morbidity Committee showed a highly significant difference 
in the birthweight distribution between Aboriginal women and Australian-born 
Caucasian women when a perinatal death occurred, with 78.4% of Aboriginal 
perinatal deaths taking place in babies weighing less than 2500g (Table 5.11). 
The apparent relationship between excessively high Aboriginal perinatal mortality 
rates and a high incidence of low birthweight birth to Aboriginal women bears further 
examination, with particular reference to known and suspected risk factors. 
INTRAUTERINE GROWTH RESTRICTION VERSUS PREMATURITY 
The retrospective data appears to indicate a different gestational pattem of Aboriginal 
birth, compared with Australian-bom Caucasians (Fig. 3.2). However, the 
significance of this apparent difference needs to be treated with caufion in light of the 
large numbers of Aboriginal women presenting late for antenatal care (or not 
accessing antenatal care at all) and hence having gestational assessments which are 
uncertain. Thus, it is uncertain whether the excess of low birthweight births is related 
to a higher incidence of prematurity, intra-uterine growth restriction, constitutionally 
small babies, or some combinafion of these factors. 
I l l 
Chapter 6 The relationship between low birthweight, 
perinatal mortality and risk factors. 
This association between low birthweight and perinatal death, and the associations 
now being established between low birthweight and various chronic disorders of adult 
life (cardiovascular disease, impaired glucose tolerance, impaired cognitive 
function)^^ 39404142^  provide a potent set of reasons for examining the antecedents of 
low birthweight birth, as a necessary prelude to establishing strategies for reducing its 
incidence. 
To determine the presence or absence of intra-uterine growth restriction the 
birthweight for gestational age characteristics of the babies in the 1992 - 1996 
retrospective Caims Base Hospital birth cohort were examined. 
Debate over the definition of "small for gestational age (SGA)" has occurred since the 
concept was first introduced in 1967 by Battaglia and Lubchenco''^, with suggested 
definitions varying from birthweight less than the 10'*^  centile to birthweight less than 
the 3"^  centile. The lO"^  centile is most favoured by obstetricians, whilst the 3"^^^  cenfile 
is favoured by paediatricians (without logical reason on either side). Whichever 
definition is used it is clear, by the very nature of the definition, that a group of small 
but normally grown babies will be included in the SGA group, and a group of larger 
babies affected by intra-uterine growth restriction will be included in the "appropriate 
for gestafional age" (AGA) group. If the lO"" cenfile is chosen a significant number of 
premature babies will be labeled as having suffered intra-uterine growth restriction; 
altemafively. if the 3'"'' cenfile is chosen a number of significantly grovrth-restricted 
babies will be labeled as premature. 
The author chose the 5 centile (a compromise between the two extreme views) as the 
"cut off point", to attempt to distinguish between babies whose low birthweight was 
due to intrauterine growth restriction (SGA LBW) and babies whose low birthweight 
was primarily due to prematurity (AGA LBW). The 5^ centile weight is easily 
calculated as mean - 1.645 standard deviations'^ "^ weight for gestational age. 
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It was clear that two possible groups could be examined to find the mean and standard 
deviation figures for each completed week of gestation - the entire group of babies, or 
those where the gestation was accurately known by ultrasound and/or recorded last 
menstmal period dates (Table 6.1, Figure 6.1). 
Table 6.1: 5 centile birthweight for gestational age, calculated from the entire group 
of 7458 babies bom at Caims Base Hospital between the beginning of 1992 and the 
end of 1996, and the sub-group of 666 babies where there was good evidence of 
gestational at birth. 
Gestation 
(completed weeks) 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
S"' centile birthweight 
calculated from all 
babies 
223.2 
245.3 
231.7 
419.1 
377.0 
196.7 
705.5 
651.9 
802.9 
574.6 
725.0 
1201.6 
1078.2 
1399.6 
1512.9 
1830.4 
1995.5 
2122.7 
2392.3 
2609.5 
2694.0 
5^^ centile birthweight 
calculated from babies 
where gestation was 
certain 
223.2 
245.3 
219.8 
429.3 
361.7 
130.1 
859.6 
633.1 
782.4 
553.6 
837.7 
1201.2 
1110.4 
1382.5 
1483.5 
1848.6 
1968.3 
2807.0 
2648.7 
2296.6 
3660.0 
Unusual variation is noted in the 5"" centile birthweights calculated from babies, 
where gestation was certain between 37 and 40 weeks gestation, due to small 
numbers (10 babies in total) in this group. 
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.-r"^ All babies 
. ^ ^ ^ ^ - , 
17 20 23 26 29 32 35 38 41 
Gestatio n (weeks) 
-th Figure 6.1: 5 centile birthweight for gestational age. calculated from the entire group 
of 7458 babies born at Cairns Base Hospital between the beginning of 1992 and the 
end of 1996, and the sub-group of 666 babies where there was good evidence of 
gestational at birth, with third order polynomial trendlines superimposed (Microsoft 
® Excel 97). 
In view of the high incidence of women giving birth at Cairns Base Hospital without 
prior antenatal care, the data from the group vv'ith certain gestational assessments was 
chosen as the more appropriate. Using the equation for that trendline (y = 0.2714x' -
15.825x' + 345.8x - 2552.3). a "best-fit" set of weights were calculated as the 5"' 
centile birthweights to be used in defining small for gestational age low birthweight 
babies (SGA LBW) which were most likely to be small due to intrauterine growth 
restriction and appropriate for gestational age babies whose low birthweight was 
primarily due to prematurity (AGA LBW) (Table 6.2). SGA LBW babies had 
birthweight less than 2500g and less than the 5"^  centile weight for the number of 
completed weeks gestation, whilst AGA LBW babies had birthweight less than 
2500g, but greater than the 5'^  centile weight for the number of completed weeks 
gestation. 
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Table 6.2: "Best-fif 5"^  cenfile birthweights, calculated using the equafion for the 
trendline from those babies with certain gestation (y = 0.271x^ - 15.825x^ - 345.8x + 
2552.3). 
Gestation (Completed weeks) 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
5''^  centile birthweight (g) 
204.9 
244.1 
285.9 
331.8 
383.5 
442.7 
510.9 
589.8 
681.1 
786.2 
907.0 
1045.0 
1201.7 
1379.0 
1578.3 
1801.4 
2049.7 
2325.1 
2629.1 
2963.3 
3329.3 
In considering the effects of risk factors in causing low birthweight it is important to 
recognise that medical intervention may be a cause; it is, thus, wise to examine the 
incidence of low birthweight, and its components, in the group of women who 
laboured spontaneously at the time of giving birth, as well as the entire group. 
Six hundred and ninety-six (696) of the 7458 singleton babies bom at Caims Base 
Hospital between the beginning of 1992 and the end of 1996 had birthweights less 
than 2500 g (9.3%o). 232 (33.3%) of these low birthweight babies were classified as 
SGA (birthweight less than 5"^  centile for the gestational age at birth) and 464 
(66.7%) as AGA babies. 
Five thousand six hundred and eleven (75.2%) of the women laboured spontaneously. 
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UNIVARIATE ANALYSIS OF POTENTIAL LOW BIRTHWEIGHT RISK 
FACTORS 
Ethnicity: 
Table 6.3: Incidence of low birthweight births (less than 2500g) to Aboriginals vs. 
Australian-born Caucasians. 
All births 
Aboriginal 
Caucasian * 
Birthweight <2500g 
260(16.9%) 
284 (7.0%) 
Birthweight >2500g 
1277(83.1%) 
3760 (93.0%) 
* = reference group 544 5037 
Risk ratio: 2.41 95% Confidence Interval: 2.06 - 2.82 
Spontaneous laboui 
only 
Aboriginal 
Caucasian * 
r 
Birthweight <2500g 
173(14.8%) 
152(5.1%) 
Birthweight >2500g 
992 (85.2%) 
2837 (94.9%) 
* = reference group 325 3829 
Risk ratio: 2.92 95%. Confidence Interval: 2.37 - 3.59 
Spontaneous laboui 
only 
Aboriginal 
Caucasian * 
r 
SGA <2500g 
62 (5.3%) 
45(1.5%) 
Not SGA <2500g 
1103 (94.7%) 
2944 (98.5%) 
* = reference group 107 4047 
Risk ratio: 3.53 95% Confidence Interval: 2.42 - 5.16 
Spontaneous laboui 
only 
Aboriginal 
Caucasian * 
AGA <2500g 
111 (9.5%) 
107(3.6%) 
Not AGA <2500g 
1054(90.5%) 
2882 (96.4%) 
*= reference group 218 3936 
Risk ratio: 2.66 95% Confidence Interval: 2.06 - 3.44 
1537 
4044 
5581 
1165 
2989 
4154 
1165 
2989 
4154 
1165 
2989 
4154 
The incidence of low birthweight birth from Aboriginals pregnancies is more than 
twice that from Australian-born Caucasians. Both SGA and AGA low birthweight 
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birth is significantly more common in Aboriginal pregnancies than Australian-bom 
Caucasian pregnancies. 
Maternal age: 
Table 6.4 (continued over page): Incidence of low birthweight births to three matemal 
age groups. 
All births 
Under 18 years 
18-34 years * 
35 years and over 
Birthweight <2500g 
54(17.2%) 
562 (8.7%) 
80(11.6%) 
Birthweight >2500g 
260 (82.8%) 
5892(91.3%) 
610(88.4%) 
* = reference group 696 6762 
Risk ratio (under 18): 1.97 95% Confidence Interval: 1.53 -. 
Risk ratio (35 & over): 1.33 95% Confidence Interval: 1.07 -
Spontaneous laboui 
only 
Under 18 years 
18-34 years * 
35 years and over 
r 
Birthweight <2500g 
40 (14.9%) 
334 (6.8%) 
43 (9.2%) 
Birthweight >2500g 
229(85.1%) 
4543 (93.2%) 
422 (90.8%) 
* = reference group 417 5194 
Risk ratio (under 18): 2.17 95% Confidence Interval: 1.60 -
Risk ratio (35 & over): 1.35 95%) Confidence Interval: 1.00 -
Spontaneous laboui 
only 
Under 18 years 
18-34 years * 
35 years and over 
r 
SGA <2500g 
18(6.7%) 
107(2.2%) 
10(2.1%) 
Not SGA <2500g 
251 (93.3%) 
4770 (97.8%) 
455 (97.9%) 
* = reference group 135 5476 
Risk ratio (under 18): 3.05 95%o Confidence Interval: 1.88 -
Risk ratio (35 & over): 0.98 95% Confidence Interval: 0.52 -
1 
314 
6454 
690 
7458 
2.55 
1.66 
269 
4877 
465 
5611 
2.94 
1.83 
269 
4877 
465 
5611 
4.95 
1.86 
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Table 6.4 (continued): Incidence of low birthweight births to three matemal age 
groups. 
Spontaneous labour 
only 
Under 18 years 
18-34 years 
35 years and over 
AGA <2500g 
22 (8.2%) 
227 (4.7%) 
33 (7.1%) 
Not AGA <2500g 
247(91.8%) 
4650 (95.3%) 
432 (92.9%) 
* = 
 reference group 
Risk ratio (under 18): 1.76 
Risk ratio (35 & over): 1.52 
282 5329 
269 
4877 
465 
5611 
95% Confidence Interval: 1.15 - 2.67 
95%. Confidence Interval: 1.07 - 2.17 
The incidence of low birthweight birth to women at the extremes of the reproducfive 
age spectmm (under 18 years of age and 35 or more years of age) is more than twice 
that to women between 18 and 34 years of age, though the significant increase in 
incidence is only seen in the younger women when spontaneous births are considered 
separately. Both SGA and AGA low birthweight births are more frequent in the older 
women, whilst there is only a significant increase in the incidence of SGA low 
birthweight birth to those under 18 years of age. 
Parity: 
Table 6.5 (continued over page): Incidence of low birthweight births (less than 
2500g) to Primiparous vs. Multiparous women. 
All births 
Primiparous 
Multiparous * 
Birthweight <2500g 
306(10.2%) 
390 (8.7%) 
Birthweight >2500g 
2689 (89.8%) 
4073(91.3%) 
* = reference group 696 6762 
Risk ratio: 1.17 95% Confidence Interval: 1.01 - 1.35 
2995 
4463 
7458 
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Table 6.5 (confinued): Incidence of low birthweight births (less than 2500g) to 
Primiparous vs. Multiparous women. 
Spontaneous laboui 
only 
Primiparous 
Multiparous * 
* = reference group 
Risk ratio: 1.18 
Spontaneous laboui 
only 
Primiparous 
Multiparous * 
* = reference group 
Risk ratio: 1.44 
Spontaneous laboui 
only 
Primiparous 
Multiparous * 
* = reference group 
Risk ratio: 1.08 
Birthweight <2500g 
187(8.2%) 
230 (6.9%) 
Birthweight >2500g 
2097(91.8%) 
3097(93.1%) 
417 5194 
95% Confidence Interval: 0.98 - 1.43 
• 
SGA <2500g 
67 (2.9%) 
68 (2.0%) 
Not SGA <2500g 
2217(97.1%) 
3259 (98.0%) 
135 5476 
95% Confidence Interval: 1.03-2.00 
r 
AGA <2500g 
120(4.4%) 
162 (4.9%o) 
Not AGA <2500g 
2164(95.6%) 
3165(95.1%) 
282 5329 
95% Confidence Interval: 0.86 - 1.36 
2284 
3327 
5611 
2284 
3327 
5611 
i 
2284 
3327 
5611 
The incidence of low birthweight birth to primiparous women is slighfiy higher than 
that to multiparous women, though this difference is not significant when 
spontaneous births, only, are considered. Both SGA and AGA low birthweight births 
are more frequent in primiparous women, though these differences are only 
significant in the case of SGA low birthweight. 
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Table 6.6: Incidence of low birthweight births (less than 2500gj to women who had, 
and had not, previously experienced a perinatal death. 
All births 
Previous perinatal 
death 
No previous 
! perinatal death * 
; * = reference group 
Risk ratio: 1.97 
Spontaneous laboui 
onlv 
; Previous perinatal 
death 
No previous 
perinatal death * 
'^' = reference group 
Risk ratio: 2.45 
Spontaneous laboui 
onlv 
Previous perinatal 
death 
No previous 
perinatal death * 
* = reference group 
Risk ratio: 0.84 
Spontaneous laboui 
onlv 
Previous perinatal 
death 
No previous 
perinatal death '^  
* = reference group 
Risk ratio: 3.29 
Birthweight <2500g 
53(17.7%) 
643 (9.0%) 
Birthweight >2500g 
246 (82.3%) 
6516(91.0%) 
696 6762 
95% Confidence Interval: 1.53 - 2.55 
r 
Birthweight <2500g 
34(17.3%) 
383 (7.1%j 
417 
95% Confidenc 
SGA <2500g 
4 f2.0%j 
131 (2.4%j 
135 
95% Confidenc 
AGA <2500g 
30(18. l%j 
252 (4.7%j 
282 
95% Confidenc 
Birthweight >2500g 
162(82.7%) 
5032 f92.9%) 
5194 
e Interval: 1.78-3.38 
Not SGA <2500g 
192(98.0%) 
5284 (97.6%) 
5476 
e Interval: 0.32 - 2.26 
Not AGA <2500g 
166(81.9%) 
5163(95.3%) 
5329 
e Interval: 2.32 - 4.67 
299 
7159 
7458 
196 
5415 
5611 
196 
5415 
5611 
196 
5415 
5611 
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The incidence of low birthweight birth to women who had previously had a perinatal 
death was almost double that to women who had not previously experienced a 
perinatal death, and the significance of this increase was more marked when only 
spontaneous births were considered. This tendency appeared to be totally accounted 
for by an increased likelihood of AGA low birthweight birth in this group of women. 
Tobacco: 
Table 6.7: Incidence of low birthweight births (less than 2500g) to women who 
admitted to smoking cigarettes during pregnancy, compared with those who did not. 
All births 
Cigarette use 
No cigarette use * 
* = reference group 
Risk ratio: 1.85 
Spontaneous laboui 
only 
Cigarette use 
No cigarette use * 
* = reference group 
Risk ratio: 2.10 
Spontaneous laboui 
only 
Cigarette use 
No cigarette use * 
* = reference group 
Risk ratio: 3.06 
Spontaneous laboui 
only 
Cigarette use 
No cigarette use * 
* = reference group 
Risk ratio: 1.77 
Birthweight <2500g 
357(13.2%) 
339(7.1%) 
Birthweight >2500g 
2348 (86.8%) 
4414 (92.9%) 
696 6762 
95% Confidence Interval: 1.61 -2.13 
r 
Birthweight <2500g 
228(11.1%) 
189(5.3%) 
Birthweight >2500g 
1818(88.9%) 
3376 (94.7%) 
417 5194 
95% Confidence Interval: 1.75 - 2.53 
r 
SGA <2500g 
86 (4.2%) 
49(1.4%) 
Not SGA <2500g 
1960(95.8%) 
3516(98.6%) 
135 5476 
95% Confidence Interval: 2.16 - 4.32 
AGA <2500g 
142 (6.9%) 
140 (3.9%) 
Not AGA <2500g 
1904(93.1%) 
3425(96.1%) 
282 5329 
95% Confidence Interval: 1.41-2.22 
2705 
4753 
7458 
2046 
3565 
5611 
2046 
3565 
5611 
2046 
3565 
5611 
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The incidence of low birthweight birth to women who smoked cigarettes during 
pregnancy was almost double that to women who did not smoke, and more than 
double when spontaneous births, only, are considered. There was a significant 
increase in the risk of both SGA and AGA low birthweight birth in this group of 
women, with this increase being much more marked in the case of SGA low 
birthweight birth (more than three-fold). 
Alcohol: 
Table 6.8: Incidence of low birthweight births (less than 2500g) to women who 
admitted to drinking alcohol during pregnancy, compared with those who did not. 
All births 
Alcohol use 
No alcohol use * 
* = reference group 
Risk ratio: 1.60 
Spontaneous laboui 
only 
Alcohol use 
No alcohol use * 
* = reference group 
Risk ratio: 1.69 
Spontaneous laboui 
only 
Alcohol use 
No alcohol use * 
* = reference group 
Risk ratio: 2.30 
Spontaneous laboui 
only 
Alcohol use 
No alcohol use * 
* = reference group 
Risk ratio: 1.44 
Birthweight <2500g 
219(13.2%) 
477 (8.2%) 
696 
95% Confidenc 
Birthweight <2500g 
137(10.9%) 
280 (6.4%) 
417 
95% Confidenc 
r* 
SGA <2500g 
54 (4.3%) 
81 (1.9%) 
135 
95% Confidenc 
r 
AGA <2500g 
83 (6.6%) 
199(4.6%) 
282 
95% Confidenc 
Birthweight >2500g 
1445 (86.8%) 
5317(91.8%) 
6762 
e Interval: 1.38-1.86 
Birthweight >2500g 
1125(89.1%) 
4069(93.6%) 
5194 
e Interval: 1.39-2.05 
Not SGA <2500g 
1208 (95.7%) 
4268(98.1%) 
5476 
e Interval: 1.64-3.22 
Not AGA <2500g 
1179(93.4%) 
4150(95.4%) 
5329 
e Interval: 1.12 - 1.84 
1664 
5794 
7458 
1262 
4349 
5611 
1262 
4349 
5611 
1262 
4349 
5611 
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The incidence of low birthweight birth to women who drank alcohol during 
pregnancy was more than 50% higher than that to women who did not drink. There 
was a significant increase in the risk of both SG.A and .^G.^ low birthw eight birth in 
this group of women. 
Antenatal care: 
Table 6.9: Incidence of low birthweight births (less than 2500g) to women who did 
not access antenatal care, compared with those who did. 
All births 
No antenatal care 
Antenatal care * 
* = reference group 
Risk ratio: 3.43 
Spontaneous laboui 
only 
No antenatal care 
Antenatal care * 
* = reference group 
Risk ratio: 4.05 
Spontaneous laboui 
onlv 
No antenatal care 
Antenatal care * 
* = reference group 
Risk ratio: 1.54 
Spontaneous laboui 
only 
No antenatal care 
Antenatal care * 
* = reference group 
Risk ratio: 5.34 
Birthweight <2500g 
37 (30.8%) 
659 (9.0%) 
696 
95% Confidenc 
r 
Birthweight <2500g 
31 (28.4%) 
386(7.0%) 
417 
95%o Confidence I 
r 
SGA <2500g 
4(3.7%) 
131 (2.4°o) 
135 
95%) Confidence I 
r 
AGA <2500g 
27 (24.8%) 
255 (4.6%) 
282 
95% Confidence I 
Birthweight >2500g 
83 (69.2%) 
6679(91.0%) 
6762 
e Interval: 2.60-4.53 
Birthweight >2500g 
78(71.6%) 
5116(93.0%) 
5194 
nterval: 2.96 - 5.54 
Not SGA <2500g 
105 (96.3%) 
5371 (97.6%) 
5476 
nterval: 0.58 - 4.09 
Not AGA <2500g 
82(75.2%) 
5247(95.4%) 
5329 
nterval: 3.77-7.57 
120 
7338 
7458 
109 
5502 ' 
5611 
109 
5502 
5611 
109 
5502 
5611 
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perinatal mortality and risk factors. 
The incidence of low birthweight birth to women who did not access antenatal care 
was more than three times that to women who did access antenatal care, rising to over 
four times higher when only spontaneous births are considered. This increase in risk 
was entirely due to a large increase in the risk of AGA low birthweight birth in this 
group of women. 
Preterm labour with intact membranes: 
Table 6.10 (confinued over page): Incidence of low birthweight births (less than 
2500g) to women who experienced an episode(s) of preterm labour with intact 
membranes during their pregnancy, compared with those who did not. 
All births 
Preterm labour 
No preterm labour * 
* = reference group 
Risk ratio: 4.01 
Spontaneous labour 
only 
Preterm labour 
No preterm labour * 
* = reference group 
Risk ratio: 5.36 
Spontaneous labour 
only 
Preterm labour 
No preterm labour * 
* = reference group 
Risk ratio: 0.80 
Birthweight <2500g 
93 (33.7%) 
603 (8.4%) 
Birthweight >2500g 
183(66.3%) 
6579(91.6%) 
696 6762 
95% Confidence Interval: 3.34 - 4.82 
Birthweight <2500g 
71 (34.3%o) 
346 (6.4%) 
417 
95% Confidence Ii 
SGA <2500g 
4(1.9%) 
131 (2.4%) 
135 
95% Confidence Ii 
Birthweight >2500g 
136(65.7%) 
5058 (93.6%) 
5194 
iterval: 4.32 - 6.64 
Not SGA <2500g 
203(98.1%) 
5273 (97.6%) 
5476 
Iterval: 0.30 - 2.13 
276 
7182 
7458 
207 
5404 
5611 
207 
5404 
5611 
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Table 6.10 (confinued): Incidence of low birthweight births (less than 2500g) to 
women who experienced an episode(s) of preterm labour with intact membranes 
during their pregnancy, compared with those who did not. 
Spontaneous labour 
only 
Preterm labour 
No preterm 
labour * 
AGA <2500g 
67 (32.4%) 
215(4.0%) 
= reference group 
Risk ratio: 8.14 
Not AGA <2500g 
140(67.6%) 
5189(96.0%) 
282 5329 
169 
5442 
5611 
95%. Confidence Interval: 6.42 - 10.31 
The incidence of low birthweight birth to women who experienced one or more 
episodes of preterm labour, with intact membranes, during their pregnancy was four 
times that to women who did not, and rose to more than a five fold excess when 
spontaneous births, only, were considered. This increase in risk was entirely due to an 
increase in the risk of AGA low birthweight birth in this group of women. 
Preterm premature rupture of membranes (PPROM): 
Table 6.11 (continued over page): Incidence of low birthweight births to women who 
had preterm premature rupture of membranes during their pregnancy, compared with 
those who did not. 
All births 
PPROM in pregnancy 
No PPROM in pregnancy * 
Birthweight <2500g 
130(49.2%) 
566 (7.9%) 
Birthweight >2500g 
134(50.8%) 
6628(92.1%) 
* = reference group 696 6762 
Risk ratio: 6.26 95% Confidence Interval: 5.41 - 7.24 
264 
7194 
7458 
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Table 6.11 (continued): Incidence of low birthweight births to women who had 
preterm premature rupture of membranes during their pregnancy, compared with 
those who did not. 
Spontaneous labour 
only 
PPROM in pregnancy 
No PPROM in pregnancy * 
Birthweight <2500g 
94(51.4%) 
323 (6.0%) 
Birthweight >2500g 
89 (48.6%) 
5105(94.0%) 
* = reference group 417 5194 
Risk ratio: 8.63 95%, Confidence Interval: 7.24 - 10.30 
Spontaneous labour 
only 
PPROM in pregnancy 
No PPROM in pregnancy * 
SGA <2500g 
3(1.6%) 
132 (2.4%) 
Not SGA <2500g 
180(98.4%) 
5296 (97.6%) 
*= reference group 135 5476 
Risk ratio: 0.64 95% Confidence Interval: 0.21 - 2.00 
Spontaneous labour 
only 
PPROM in pregnancy 
No PPROM in pregnancy * 
AGA <2500g 
91 (49.7%) 
191 (3.5%) 
Not AGA <2500g 
92 (50.3%) 
5237 (96.5%) 
* = reference group 282 5329 
Risk ratio: 14.13 95% Confidence Interval: 11.55 - 17.29 
183 
5428 
5611 
183 
5428 
5611 
183 
5428 
5611 
The incidence of low birthweight birth to women who experienced preterm premature 
rupture of membranes (PPROM) during their pregnancy was more than six times that 
to women who did not. and rose to more than an eight fold excess when spontaneous 
births, only, were considered. This increase in risk was entirely due to an increase in 
the risk of AGA low birthweight birth in this group of women. 
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Table 6.12: Incidence of low birthweight births (less than 2500g) to women who 
experienced antepartum haemorrhage (APH) during their pregnancy, compared with 
those who did not. 
All births 
APH 
No APH* 
Birthweight <2500g 
83 (29.7%) 
613 (8.5%) 
Birthweight >2500g 
196(70.3%) 
6566(91.5%) 
* = reference group 696 6762 
Risk ratio: 3.48 95% Confidence Interval: 2.87 - 4.24 
Spontaneous laboui 
only 
APH 
No APH* 
r 
Birthweight <2500g 
44 (26.0%) 
373 (6.9%) 
Birthweight >2500g 
125 (74.0%) 
5069(93.1%) 
* = reference group 417 5194 
Risk ratio: 3.80 95% Confidence Interval: 2.89 - 4.99 
Spontaneous laboui 
only 
APH 
No APH* 
r 
SGA <2500g 
2(1.2%) 
133(2.4%) 
Not SGA <2500g 
167(98.8%) 
5309 (97.6%) 
* = reference group 135 5476 
Risk ratio: 0.48 95% Confidence Interval: 0.12 - 1.94 
Spontaneous laboui 
only 
APH 
No APH* 
>* 
AGA <2500g 
42 (24.9%) 
240 (4.4%) 
Not AGA <2500g 
127(75.1%) 
5202 (95.6%) 
* = reference group 282 5329 
Risk ratio: 5.64 95% Confidence Interval: 4.22 - 7.53 
279 
7179 
7458 
169 
5442 
5611 
169 
5442 
5611 
169 
5442 
5611 
The incidence of low birthweight birth to women who experienced antepartum 
haemorrhage during their pregnancy was three and a half times that to women who 
did not have an antepartum haemorrhage, and rose to almost a four fold excess when 
spontaneous births, only, were considered. This increase in risk was entirely due to an 
increase in the risk of AGA low birthweight birth in this group of women. 
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Table 6.13: Incidence of low birthweight births to women who had hypertension 
during their pregnancy, compared with those who did not. 
All births 
Hypertension in 
pregnancy 
No hypertension 
in pregnancy * 
* = reference group 
Risk ratio: 2.18 
Spontaneous laboui 
only 
Hypertension in 
pregnancy 
No hypertension 
in pregnancy * 
* = reference group 
Risk ratio: 1.13 
Spontaneous laboui 
only 
Hypertension in 
pregnancy 
No hypertension 
in pregnancy * 
* = reference group 
Risk ratio: 1.81 
Spontaneous laboui 
only 
Hypertension in 
pregnancy 
No hypertension 
in pregnancy * 
* = reference group 
Risk ratio: 0.82 
Birthweight <2500g 
131 (18.3%) 
565 (8.4%) 
Birthweight >2500g 
586(81.7%) 
6176(91.6%) 
696 6762 
95% Confidence Interval: 1.83 - 2.59 
r 
Birthweight <2500g 
24 (8.4%) 
393 (7.4%) 
Birthweight >2500g 
263(91.6%) 
4931 (92.6%) 
417 5194 
95% Confidence Interval: 0.76 - 1.68 
SGA <2500g 
12 (4.2%) 
127(2.3%) 
Not SGA <2500g 
275 (95.8%) 
5201 (97.7%) 
135 5476 
95% Confidence Interval: 1.01-3.23 
AGA <2500g 
12(4.2%) 
270(5.1%) 
Not AGA <2500g 
275 (95.8%) 
5054 (94.9%) 
282 5329 
95% Confidence Interval: 0.47-1.45 
717 
6741 
7458 
287 
5324 
5611 
287 
5324 
5611 
287 
5324 
5611 
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The incidence of low birthweight birth to women who had hypertension during their 
pregnancy was more than double that to women who did not have hypertension, and 
highly significant. This increase in risk was totally lost when only spontaneous births 
were considered, suggesting that medical intervention was responsible for the low 
birthweight births. When considering SGA and AGA low birthweight separately. 
there was sfill an excess seen in the SGA group but the numbers are small, and the 
significance of this difference is uncertain. 
Anaemia in pregnancy: 
Table 6.14 (continued over page): Incidence of low birthweight births (less than 
2500g) to women whose haemoglobin fell below 100 g/L during their pregnancy, 
compared with those whose haemoglobin remained above 100 g/L. 
All births 
Anaemia in 
pregnancy 
No anaemia in 
pregnancy * 
* = reference group 
Risk ratio: 1.42 
Spontaneous labour 
only 
Anaemia in 
pregnancy 
No anaemia in 
pregnancy * 
* = reference group 
Risk ratio: 1.83 
Birthweight <2500g 
62(12.9%) 
634(9.1%) 
Birthweight >2500g 
417(87.1%) 
6345 (90.9%) 
696 6762 
95% Confidence Interval: 1.12 - 1.82 
Birthweight <2500g 
49(12.9%) 
368 (7.0%) 
417 
95% Confidence Ii 
Birthweight >2500g 
331 (87.1%) 
4863 (93.0%) 
5194 
Iterval: 1.39-2.42 
479 
6979 
7458 
380 
5231 
5611 
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Table 6.14 (confinued): Incidence of low birthweight births (less than 2500g) to 
women whose haemoglobin fell below 100 g L during their pregnancy, compared 
with those whose haemoglobin remained above 100 g/L. 
Spontaneous labour 
onlv 
Anaemia in 
pregnancy 
No anaemia in 
pregnancy * 
* = reference group 
Risk ratio: 2.12 
Spontaneous labour 
only 
Anaemia in 
pregnancy 
No anaemia in 
pregnancy * 
* = reference group 
Risk ratio: 1.70 
SGA <2500g 
18(4.7%) 
117(2.2%) 
Not SGA <2500g 
362 (95.3%) 
5114(97.8%) 
135 5476 
95% Confidence Interval: 1.30 - 3.44 
AGA <2500g 
31 (8.2%) 
251 (4.8%) 
282 
95% Confidence Ir 
Not AGA <2500g 
349(91.8%) 
4980(95.2%) 
5329 
Iterval: 1.19-2.43 
380 
5231 
5611 
380 
5231 
5611 
The incidence of low birthweight birth to women whose haemoglobin fell below 100 
g/L at some time during their pregnancy was higher than that to women whose 
haemoglobin remained above 100 g/L: the difference was statistically significant, and 
larger in the group who gave birth spontaneously than in all women. The increase in 
risk was significant in the case of both SGA and AGA low birthweight birth in this 
group of women. 
130 
Chapter 6 
Urinary tract infection in pregnancy: 
The relationship between low birthweight. 
perinatal mortality and risk factors. 
Table 6.15: Incidence of low birthweight births (less than 2500g) to women who had 
documented urinary tract infection(s) during their pregnancy, compared with those 
who did not. 
All births 
UTI in pregnancy 
No UTI in pregnancy * 
Birthweight <2500g 
77(11.7%) 
619(9.1%) 
Birthweight >2500g 
417(88.3%) 
* — reference group 
6180(90.9%)) 
696 6762 
Risk ratio: 1.28 95% Confidence Interval: 1.03-1.60 
Spontaneous labour 
only 
UTI in pregnancy 
No UTI in pregnancy * 
Birthweight <2500g 
45 (9.3%) 
372 (7.3%) 
Birthweight >2500g 
440 (90.7%) 
4754 (92.7%) 
* — reference group 417 5194 
Risk ratio: 1.28 95% Confidence Interval: 0.95 - 1.72 
Spontaneous labour 
UTI in pregnancy 
No UTI in pregnancy 
SGA <2500g 
14(2.9%) 
.21 (2.4%) 
Not SGA <2500g 
471 (97.1%) 
5005 (97.6%) 
= reference group 
Risk ratio: 1.22 
135 5476 
95% Confidence Interval: 0.71 - 2.11 
582 
6799 
7458 
485 
5126 
5611 
485 
5126 
5611 
Spontaneous labour 
only 
UTI in pregnancy 
No UTI in pregnancy 
AGA <2500g 
31 (6.4%) 
251 (4.9%) 
Not AGA <2500g 
454(93.6%) 
4875(95.1%) 
= reference group 
Risk ratio: 1.31 
282 5329 
95% Confidence Interval: 0.91 - 1.87 
485 
5126 
5611 
The incidence of low birthweight birth to women who had documented urinary tract 
infection(s) during their pregnancy was higher than that to women who did not. 
Though the difference was statistically significant, it was not large, and was not seen 
when only spontaneous births were examined. Neither SG.'\ nor AGA low 
birthweight birth was more frequent in this group of women. 
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Abnormal glucose tolerance in pregnancy: 
Table 6.16: Incidence of low birthweight births (less than 2500g) to women who had 
abnormal glucose tolerance (diabetes mellitus or gestational diabetes) during their 
pregnancy, compared with those who did not. 
All births 
Abnormal glucose 
tolerance in pregnancy 
No abnormal glucose 
tolerance in pregnancy * 
* ^ reference group 
Risk ratio: 0.91 
Spontaneous labour 
only 
Abnormal glucose 
tolerance in pregnancy 
No abnormal glucose 
tolerance in pregnancy * 
* = reference group 
Risk ratio: 1.00 
Spontaneous labour 
only 
Abnormal glucose 
tolerance in pregnancy 
No abnormal glucose 
tolerance in pregnancy * 
* = reference group 
Risk ratio: 0.99 
Spontaneous labour 
only 
Abnormal glucose 
tolerance in pregnancy 
No abnormal glucose 
tolerance in pregnancy * 
* = reference group 
Risk ratio: 1.00 
Birthweight <2500g 
70 (8.6%) 
626 (9.4%) 
Birthweight >2500g 
747(91.4%) 
6015(90.6%) 
696 6762 
95% Confidence Interval: 0.72 - 1.15 
Birthweight <2500g 
31 (8.0%) 
386 (8.0%) 
Birthweight >2500g 
387 (92.0%) 
4807 (92.0%) 
417 5194 
95% Confidence Interval: 0.70 - 1.42 
SGA <2500g 
10(2.4%) 
125 (2.4%) 
Not SGA <2500g 
408 (97.6%) 
5068 (97.6%) 
135 5476 
95% Confidence Interval: 0.53 - 1.88 
AGA <2500g 
21 (5.0%) 
261 (5.0%) 
Not AGA <2500g 
397 (95.0%) 
4932 (95.0%) 
282 5329 
95% Confidence Interval: 0.65 - 1.54 
817 
6641 
7458 
418 
5193 
5611 
418 
5193 
5611 
418 
5193 
5611 
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The incidence of low birthweight births to women who had abnormal glucose 
tolerance (diabetes mellitus or gestational diabetes) during their pregnancy was not 
significantly different than that to women who did not. A policy of universal 
screening for abnormal glucose tolerance (50g diabetes exclusion test + 75g glucose 
tolerance test) was in place during this period. 
Risk Score: 
Table 6.17 (continued over page): Incidence of low birthweight births (less than 
2500g) to women of differing risk categories (first antenatal Risk score esfimation) 
compared with low risk women (Risk score of 0 - 2). 
All births 
Risk score 0 - 2 * 
Risk score 3 - 7 
Risk score 8 or more 
Risk score not estimated 
Birthweight <2500g 
145(5.1%) 
175(6.9%) 
77(10.6%) 
299(21.6%) 
Birthweight >2500g 
2672 (94.9%) 
2353(93.1%) 
652 (89.4%) 
1085(78.4%) 
* = reference group 696 6762 
Risk ratio (Risk score 3 - 7): 1.34 95% C.I.: 1.09 - 1.66 
Risk ratio (Risk score 8 +): 2.05 95% C.I.: 1.58 - 2.67 
Risk ratio (Risk score not estimated): 4.20 95% C.I.: 3.48 - 5.06 
Spontaneous labour 
only 
Risk score 0 - 2 * 
Risk score 3 - 7 
Risk score 8 or more 
Risk score not estimated 
Birthweight <2500g 
81 (3.5%) 
112(5.9%) 
39 (9.0%) 
185(19.2%) 
Birthweight >2500g 
2220 (96.5%) 
1801 (94.1%) 
394(91.0%) 
779 (80.8%) 
*= reference group 417 5194 
Risk ratio (Risk score 3 - 7): 1.66 95% C.I.: 1.26 - 2.20 
Risk ratio (Risk score 8 +): 2.56 95% C.I.: 1.77 - 3.70 
Risk ratio (Risk score not estimated): 5.45 95% C.I.: 4.25 - 7.00 
2817 
2528 
729 
1384 
7458 
2301 
1913 
433 
964 
5611 
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Table 6.17 (continued over page): Incidence of low birthweight births (less than 
2500g) to women of differing risk categories (first antenatal Risk score estimation) 
compared with low risk women (Risk score of 0 - 2). 
Spontaneous labour 
onlv 
Risk score 0 - 2 * 
Risk score 3 - 7 
Risk score 8 or more 
Risk score not estimated 
SGA <2500g 
35(1.5%) 
49 (2.6%) 
10(2.3%) 
41 (4.3%) 
Not SGA <2500g 
2266 (98.5%) 
1864(97.4%) 
423 (97.7%) 
923 (95.7%) 
*= reference group 135 5476 
Risk ratio (Risk score 3 - 7): 1.68 95% C.I.: 1.10 - 2.59 
Risk ratio (Risk score 8+): 1.52 95% C.I.: 0.76 - 3.04 
Risk ratio (Risk score not estimated): 2.80 95% C.I.: 1.79 - 4.36 
Spontaneous labour 
only 
Risk score 0 - 2 * 
Risk score 3 - 7 
Risk score 8 or more 
Risk score not estimated 
AGA <2500g 
46 (2.0%) 
63 (3.3%) 
29 (6.7%) 
144(14.9%o) 
Not AGA <2500g 
2255 (98.0%) 
1850(96.7%) 
404(93.3%) 
820(85.1%) 
* = reference group 276 5329 
Risk ratio (Risk score 3 - 7): 1.65 95% C.I.: 1.13 - 2.40 
Risk ratio (Risk score 8+): 3.35 95% C.I.: 2.13 - 5.27 
Risk ratio (Risk score not estimated): 7.47 95% C.L: 5.41 - 10.32 
2301 
1913 
433 
964 
5611 
2301 
1913 
433 
964 
5611 
The incidence of low birthweight birth to women who had a high Risk score at their 
first antenatal visit (8 or more) was more than double that of women with a low Risk 
score (0 - 2); women with medium Risk scores (3 - 7) had a mildly raised likelihood of 
low birthweight birth. These statistically significant differences were more marked 
when only spontaneous births were examined. The increase in risk was primarily seen 
in the AGA group. 
Those women who did not have a Risk score estimated during their pregnancy had 
greater than a four-fold increase in their risk of low birthweight (more than five-fold 
in the case of spontaneous births only). This group represents women who did not 
access antenatal care at all, and women who had antenatal care elsewhere and were 
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referred to Caims Base Hospital due to a complication of their pregnancy. AGA low 
birthweight birth was extremely prominent in this group, reflecting the fact that 
threatened preterm birth is one of the most common reasons for referral of women to 
Caims Base Hospital from other regional hospitals. 
MULTIVARIATE ANALYSIS OF POTENTIAL RISK FACTORS FOR LOW 
BIRTHWEIGHT 
hi view of the possibility that a number of the apparent statistical relationships seen 
above may be inter-related to other risk factors (eg. previous perinatal death may be 
related to a tendency to preterm labour) logisfic regression analysis of the potential risk 
factors examined was carried out, using SPSS for Windows 95 Version 8.0 (SPSS Inc.. 
Chicago, Illinois) 
All births / low birthweight: 
Table 6.18 (continued over page): Logistic regression analysis of risk factors for low 
birthweight (<2500g) in all women. This regression analysis correctly predicted 91.3°''o 
of the incidence of birthweight being above or below 2500g. (Chi square = 910.2, d.f = 
19, p < 0.0005). * Risk ratio adjusted for effects of all other variables in the table. 
Risk factor 
Aboriginal 
Australian bom Caucasian 
Matemal age < 18 
Matemal age> 35 
Nulliparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
* Adjusted 
Risk Ratio 
1.47 
0.86 
1.26 
1.62 
1.60 
1.85 
1.70 
1.45 
95% C.I. 
1.14-1.89 
0.69-1.08 
0.87- 1.81 
1.21 -2.16 
1.32-1.95 
1.29-2.66 
1.41-2.05 
1.19-1.77 
Significance 
<0.005 
n.s. 
n.s. 
<0.005 
<0.0005 
<0.005 
<0.0005 
<0.0005 
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Table 6.18 (confinued): Logistic regression analysis of risk factors for low 
birthweight (<2500g) in all women. This regression analysis correctly predicted 
91.3%) of the incidence of birthweight being above or below 2500g. (Chi square = 
910.2, d.f = 19, p < 0.0005). * Risk rafio adjusted for effects of all other variables in 
the table. 
Risk factor 
No antenatal care 
Preterm labour with intact membranes 
Preterm premature mpture of 
membranes 
Antepartum haemorrhage 
Hypertension 
Anaemia 
Urinary tract infection 
Abnormal glucose tolerance 
Low risk score 
High risk score 
Risk score not estimated 
* Adjusted 
Risk Ratio 
2.46 
5.73 
11.44 
4.05 
3.28 
1.16 
0.94 
0.85 
0.95 
1.43 
2.47 
95% C.I. 
1.54-3.93 
4.26 - 7.70 
8.60-15.2 
2.95-5.58 
2.60-4.15 
0.83-1.60 
0.71-1.25 
0.64-1.14 
0.74-1.21 
1.03-1.97 
1.96-3.11 
Significance 
<0.0005 
<0.0005 
<0.0005 
<0.0005 
<0.0005 
n.s. 
n.s. 
n.s. 
n.s. 
<0.05 
<0.0005 
In descending order of significance, preterm premature rupture of membranes, 
preterm labour, hypertension, antepartum haemorrhage, not having a risk score 
estimated during antenatal care, use of tobacco, first pregnancy, not accessing 
antenatal care, use of alcohol, previous perinatal death(s), matemal age of 35 years or 
more, aboriginal ethnicity, and a risk score of 8 or more at the first antenatal visit 
were risk factors which, independent of other risk factors, predicted low birthweight 
birth. 
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Table 6.19: Logisfic regression analysis of risk factors for small for gestafional age 
(SGA) low birthweight (<2500g and below the 5* centile for gestafion) in all women. 
This regression analysis correctly predicted 96.9% of the incidence of SGA low 
birthweight. (Chi square - 137.1, d.f = 19, p < 0.0005). * Risk ratio adjusted for effects 
of all other variables in the table. 
Risk factor 
Aborigmal 
Australian bom Caucasian 
Matemal age < 18 
Matemal age> 35 
Primiparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
No antenatal care 
Preterm labour with intact membranes 
Preterm premature mpture of membranes 
Antepartum haemorrhage 
Hypertension 
Anaemia 
Urinary tract infection 
Abnormal glucose tolerance 
Low risk score 
High risk score 
Risk score not estimated 
* Adjusted 
Risk Ratio 
1.81 
0.92 
1.37 
1.38 
1.58 
0.97 
2.43 
1.67 
0.78 
0.80 
0.52 
0.88 
2.04 
1.33 
0.96 
1.06 
0.93 
1.26 
1.38 
95% C.L 
1.22-2.68 
0.64-1.32 
0.81-2.33 
0.87-2.18 
1.17-2.14 
0.49-1.91 
1.81-3.26 
1.26-2.23 
0.31-2.00 
0.38-1.67 
0.23-1.20 
0.41-1.91 
1.42-2.94 
0.84-2.11 
0.62-1.49 
0.70-1.60 
0.65-1.33 
0.78-2.02 
0.96-1.98 
Significance 
<0.005 
n.s. 
n.s. 
n.s. 
<0.005 
n.s. 
<0.0005 
<0.005 
n.s. 
n.s. 
n.s. 
n.s. 
<0.0005 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
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In descending order of significance use of tobacco, hypertension, use of alcohol, first 
pregnancy and aboriginal ethnicity were risk factors which, independent of other risk 
factors, predicted small for gestational age low birthweight birth. 
All births / AGA low birthweight: 
Table 6.20 (continued over page): Logistic regression analysis of risk factors for 
th 
appropriate for gestational age (AGA) low birthweight (<2500g and above the 5 
centile for gestation) in all women. This regression analysis correcfiy predicted 94.3% 
of the incidence of AGA low birthweight. (Chi square = 969.2, d.f = 19, p < 0.0005). 
* Risk ratio adjusted for effects of all other variables in the table. 
Risk factor 
Aboriginal 
Australian bom Caucasian 
Matemal age < 18 
Matemal age > 35 
Primiparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
No antenatal care 
Preterm labour with intact membranes 
Preterm premature mpture of 
membranes 
Antepartum haemorrhage 
Hypertension 
Anaemia 
Urinary tract infection 
Abnormal glucose tolerance 
* Adjusted 
Risk Ratio 
1.24 
0.85 
1.13 
1.71 
1.55 
2.42 
1.28 
1.28 
3.64 
9.59 
21.95 
6.12 
3.99 
1.00 
0.96 
0.74 
95% C.L 
0.91-1.71 
0.64-1.12 
0.72-1.78 
1.20-2.44 
1.21-1.99 
1.59-3.68 
1.01-1.62 
0.99-1.66 
2.17-6.11 
6.94-13.24 
16.16-29.82 
4.29-8.73 
3.00-5.32 
0.65-1.54 
0.68-1.36 
0.51-1.08 
Significance 
n.s. 
n.s. 
n.s. 
<0.005 
<0.005 
<0.0005 
<0.05 
n.s. 
<0.0005 
<0.0005 
<0.0005 
<0.0005 
<0.0005 
n.s. 
n.s. 
n.s. 
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Table 6.20 (confinued): Logisfic regression analysis of risk factors for appropriate for 
gestafional age (AGA) low birthweight (<2500g and above the 5'*' centile for 
gestafion) in all women. This regression analysis correcfiy predicted 94.3%) of the 
incidence of AGA low birthweight. (Chi square = 969.2, d.f = 19, p < 0.0005). 
* Risk rafio adjusted for effects of all other variables in the table. 
Risk factor 
Low risk score 
High risk score 
Risk score not estimated 
* Adjusted 
Risk Ratio 
1.00 
1.57 
3.22 
95% C.L 
0.72-1.39 
1.04-2.36 
2.41-4.30 
Significance 
n.s. 
<0.05 
<0.0005 
In descending order of significance, preterm premature mpture of membranes, 
preterm labour, antepartum haemorrhage, hypertension, not having a risk score 
estimated during antenatal care, not accessing antenatal care, previous perinatal 
death(s), risk score greater then 8, first pregnany, matemal age of 35 years or more, a 
risk score of 8 or more at the first antenatal visit, and use of tobacco were risk factors 
which, independent of other risk factors, predicted appropriate for gestational age 
(AGA) low birthweight birth. 
Spontaneous births onlv / low birthweight: 
Table 6.21 (continued over page): Logisfic regression analysis of risk factors for low 
birthweight (<2500g) in women who gave birth after labouring spontaneously. This 
regression analysis correctly predicted 93.3% of the incidence of birthweight being 
above or below 2500g. (Chi square = 705.9. d.f = 19,p < 0.0005). 
* Risk rafio adjusted for effects of all other variables in the table. 
Risk factor 
Aboriginal 
Australian bom Caucasian 
Matemal age < 18 
* Adjusted 
Risk Ratio 
1.59 
0.76 
1.23 
95% CT. 
1.15-2.20 
0.56-1.02 
0.80-1.89 
Significance 
<0.005 
n.s. 
n.s. 
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Table 6.21 (continued): Logistic regression analysis of risk factors for low birthweight 
(<2500g) in women who gave birth after labouring spontaneously. This regression 
analysis correcfiy predicted 93.3%) of the incidence of birthweight being above or 
below 2500g. (Chi square = 705.9, d.f = 19,p < 0.0005). 
* Risk ratio adjusted for effects of all other variables in the table. 
Risk factor 
Matemal age > 35 
Primiparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
No antenatal care 
Preterm labour with intact membranes 
Preterm premature mpture of 
membranes 
Antepartum haemorrhage 
Hypertension 
Anaemia 
Urinary tract infection 
Abnormal glucose tolerance 
Low risk score 
High risk score 
Risk score not estimated 
* Adjusted 
Risk Ratio 
1.59 
1.84 
2.37 
1.79 
1.50 
2.76 
8.49 
17.32 
3.57 
1.42 
1.39 
0.78 
1.01 
0.79 
1.25 
2.31 
95% C.L 
1.06-2.38 
1.64-4.63 
1.49-3.79 
1.40-2.29 
1.16-1.94 
1.64-4.63 
6.00-12.02 
12.21-24.58 
2.28-5.58 
0.88-2.27 
0.95-2.04 
0.54-1.14 
0.66-1.55 
0.58-1.10 
0.80-1.94 
1.72-3.11 
Significance 
<0.05 
<0.0005 
<0.0005 
<0.0005 
<0.005 
<0.0005 
<0.0005 
<0.0005 
<0.0005 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
<0.0005 
In descending order of significance, preterm premature mpture of membranes, 
preterm labour, not having a risk score estimated during antenatal care, antepartum 
haemorrhage, first pregnancy, use of tobacco, not accessing antenatal care, previous 
perinatal death(s), use of alcohol, aboriginal ethnicity, and matemal age of 35 years 
or more, were risk factors which, independent of other risk factors, predicted low 
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birthweight birth in women who gave birth after labouring spontaneously. In this 
group of women, hypertension and a risk score of 8 or more at the first antenatal visit 
were no longer significant risk factors after the effects of medical intervention in the 
birth process were removed. 
Spontaneous births onlv / SGA low birthweight: 
Table 6.22 (continued over page): Logisfic regression analysis of risk factors for small 
for gestafional age (SGA) low birthweight (<2500g and below the 5"" cenfile for 
gestation) in women who gave birth after labouring spontaneously. This regression 
analysis correctly predicted 97.6% of the incidence of SGA low birthweight. (Chi 
square = 113.6, d.f = 19, p < 0.0005). * Risk rafio adjusted for effects of all other 
variables in the table. 
Risk factor 
Aboriginal 
Australian bom Caucasian 
Matemal age < 18 
Matemal age > 35 
Primiparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
No antenatal care 
Preterm labour with intact membranes 
Preterm premature mpture of membranes 
Antepartum haemorrhage 
* Adjusted 
Risk Ratio 
2.11 
0.70 
1.70 
1.30 
1.70 
0.81 
2.44 
1.81 
0.79 
0.66 
0.48 
0.53 
95% C.L 
1.28-3.47 
0.43-1.14 
0.95-3.05 
0.65-2.60 
1.15-2.50 
0.29-2.30 
1.65-3.61 
1.24-2.64 
0.28-2.26 
0.24-1.85 
0.15-1.54 
0.13-2.21 
Significance 
<0.005 
n.s. 
n.s. 
n.s. 
<0.05 
n.s. 
<0.0005 
<0.005 
n.s. 
n.s. 
n.s. 
n.s. 
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Table 6.22 (continued): Logistic regression analysis of risk factors for small for 
gestafional age (SGA) low birthweight (<2500g and below the 5'^  cenfile for 
gestafion) in women who gave birth after labouring spontaneously. This regression 
analysis correctly predicted 97.6% of the incidence of SGA low birthweight. (Chi 
square = 113.6, d.f = 19, p < 0.0005). * Risk rafio adjusted for effects of all other 
variables in the table. 
Risk factor 
Hypertension 
Anaemia 
Urinary tract infection 
Abnormal glucose tolerance 
Low risk score 
High risk score 
Risk score not estimated 
* Adjusted 
Risk Ratio 
1.94 
1.57 
0.83 
0.92 
0.91 
0.94 
1.29 
95% C.L 
1.04-3.62 
0.92-2.69 
0.46-1.49 
0.47-1.49 
0.57-1.45 
0.45-1.95 
0.81-2.04 
Significance 
<0.05 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
In descending order of significance, use of tobacco, use of alcohol, aboriginal 
ethnicity, first pregnancy, and hypertension were risk factors which, independent of 
other risk factors, predicted small for gestational age (SGA) low birthweight birth in 
women who gave birth after labouring spontaneously. Apart from minor changes in 
the degree of significance of each of these factors there was no difference seen when 
only spontaneous labours were considered, compared with all women. 
142 
Chapter 6 The relationship between low birthweight. 
perinatal mortality and risk factors. 
Spontaneous births only / AGA low birthweight: 
Table 6.23: Logistic regression analysis of risk factors for appropriate for gestational 
age (AGA) low birthweight (<2500g and above the 5'*' cenfile for gestation) in women 
who gave birth after labouring spontaneously. This regression analysis correctly 
predicted 95.8%) of the incidence of AGA low birthweight. (Chi square = 764.5, d.f = 
19, p < 0.0005). * Risk rafio adjusted for effects of all other variables in the table. 
Risk factor 
Aboriginal 
Australian bom Caucasian 
Matemal age < 18 
Matemal age > 35 
Primiparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
No antenatal care 
Preterm labour with intact membranes 
Preterm premature mpture of 
membranes 
Antepartum haemorrhage 
Hypertension 
Anaemia 
Urinary tract infection 
Abnormal glucose tolerance 
Low risk score 
High risk score 
Risk score not estimated 
* Adjusted 
Risk Ratio 
1.28 
0.78 
0.84 
1.77 
1.88 
3.46 
1.40 
1.32 
4.56 
15.65 
34.42 
5.77 
1.04 
1.16 
0.80 
1.07 
0.76 
1.50 
3.09 
95% C.L 
0.84-1.93 
0.54-1.14 
0.46-1.52 
1.08-2.90 
1.36-2.60 
2.02-5.93 
1.03-1.91 
0.94-1.85 
2.56-8.15 
10.69-22.93 
23.55-50.31 
3.50-9.52 
0.54-2.02 
0.70-1.94 
0.50-1.27 
0.62-1.85 
0.49-1.17 
0.87-2.60 
2.12-4.50 
Significance 
n.s. 
n.s. 
n.s. 
<0.05 
<0.0005 
<0.0005 
<0.05 
n.s. 
<0.0005 
<0.0005 
<0.0005 
<0.0005 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
<0.0005 
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In descending order of significance, preterm premature rupture of membranes, 
preterm labour, antepartum haemorrhage, not having a risk score estimated during 
antenatal care, not accessing antenatal care, previous perinatal death(s), first 
pregnancy, matemal age of 35 years or more, and use of tobacco were risk factors 
which, independent of other risk factors, predicted appropriate for gestational age 
(AGA) low birthweight birth in women who gave birth after labouring spontaneously. 
As with the overall incidence of low birthweight birth in this group of women, 
hypertension and a risk score of 8 or more at the first antenatal visit were no longer 
significant risk factors after the effects of medical intervention in the birth process 
were removed. 
INCIDENCE OF RISK FACTORS IN ABORIGINAL AND AUSTRALIAN 
BORN CAUCASIAN WOMEN 
Table 6.24: Incidence of risk factors which have been shown to be significant for low 
birthweight birth, highlighting those where the incidence of the risk factor is 
significantly higher in Aboriginal women when compared with Caucasian women. 
Risk factor 
Matemal age > 35 
Primiparity 
Previous perinatal death 
Tobacco use 
Alcohol use 
No antenatal care 
Preterm labour 
Preterm PROM 
Antepartum haemorrhage 
Hypertension 
Aboriginal 
3.9% 
29.0% 
6.2% 
50.0% 
24.9% 
4.2% 
4.6% 
6.2% 
3.4% 
11.8% 
Australian 
born 
Caucasian 
9.5% 
45.3% 
2.9% 
35.5% 
22.4% 
0.5% 
3.4% 
3.1% 
3.8% 
8.8% 
Risk ratio (with 95% C.I) 
for presence of risk factor 
in Aboriginal vs, 
Caucasian women 
0.41 (0.32, 0.54) 
0.64 (0.59, 0.70) 
2.15(1.65,2.81) 
1.42(1.33,1.51) 
1.11(1.00,1.24) 
9.00 (5.42, 14.96) 
1.34(1.10, 1.78) 
2.04(1.57,2.64) 
0.91 (0.67, 1.23) 
1.35(1.14,1.59) 
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Examinafion of a number of possible risk factors for low birthweight birth has 
revealed that the ten risk factors listed in the table above (table 6.24) are significant 
risk factors in Far North Queensland - use of tobacco, use of alcohol, hypertension, 
and first pregnancy were risk factors which predicted small for gestational age (SGA) 
low birthweight birth, whilst preterm premature mpture of membranes, preterm 
labour, antepartum haemorrhage, not accessing antenatal care, previous perinatal 
death(s), first pregnancy and matemal age of 35 years or more were risk factors which 
predicted appropriate for gestational age (AGA) low birthweight birth. First 
pregnancy was the only one of these factors common to both SGA and AGA low 
birthweight. Aboriginal ethnicity was also a significant risk factor for SGA low 
birthweight birth. 
Of these risk factors, not accessing antenatal care, previous perinatal death(s), preterm 
premature mpture of membranes, preterm labour, hypertension and the use of tobacco 
were more common in Aboriginal women, suggesting that these risk factors should be 
the primary targets of any intervention(s) designed to reduce the incidence of low 
birthweight birth in Far North Queensland. 
SYNTHESIS 
The higher incidence of low birthweight births to Aboriginal women, compared with 
Australian-bom Caucasian women, and the fact that more than three-quarters of 
Aboriginal perinatal deaths occur in low birthweight babies (weighing less than 
2500g) caused an examination of known and suspected risk factors for low 
birthweight birth. 
Birthweight data from the group of women whose gestational assessment was certain 
was used to calculate the 5'^ centile of birthweight for gestafional age. Babies with 
birthweight less than 2500g and less than the 5'^  cenfile were defined as small for 
gestational age low birthweight babies (SGA LBW): these babies were most likely to 
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be small due to intrauterine growth restriction. Babies with birthweight less than 
2500g but greater than the 5^*^  centile were defined as appropriate for gestational age 
babies whose low birthweight was primarily due to prematurity (AGA LBW). 
As medical intervention (induction of labour, Caesarean section before labour) is a 
potenfial cause of low birthweight the incidence of low birthweight, and its 
components, was examined in the group of women who laboured spontaneously at the 
fime of giving birth, as well as the enfire group. 
Univariate and multivariate analysis of the relationship between suspected risk factors 
and the incidence of low birthweight revealed that eleven risk factors were significant 
in Far North Queensland. Aboriginal ethnicity, the use of tobacco and alcohol, 
hypertension, and first pregnancy were risk factors which predicted small for 
gestational age (SGA) low birthweight birth, whilst preterm premature rupture of 
membranes, preterm labour, antepartum haemorrhage, not accessing antenatal care, 
previous perinatal death(s), first pregnancy, the use of tobacco, and maternal age of 
35 years or more were risk factors which predicted appropriate for gestational age 
(AGA) low birthweight birth. First pregnancy (primiparity) and the use of tobacco 
were the only two of these factors common to both SGA and AGA low birthweight. 
Of these risk factors, not accessing antenatal care, previous perinatal death(s), preterm 
premature rupture of membranes, preterm labour, hypertension and the use of tobacco 
were more common in Aboriginal women, suggesting that these risk factors should be 
the primary targets of any intervention(s) designed to reduce the incidence of low 
birthweight birth in Far North Queensland Aboriginals. 
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INTRODUCTION 
Studies too numerous to list record maternal and perinatal mortality rates as their 
measures of outcome, and perhaps the incidence of low birthweight birth, preterm 
birth, low Apgar scores, and nursery transfer as measures of major morbidity. In other 
circumstances, clinical indicators may measure the rates of occurrences within 
Obstetric care programs, such as the incidence of Caesarean section for the indication 
of fetal distress or the incidence of induction of labour for non-medical reasons. 
However, the appropriateness of the outcome of the process of childbirth remains, 
strangely, unexamined. Morbidity and process are rarely, if ever, addressed. The 
author and a research midwife (Evelyn Humphrey) set out to devise a simple and 
repeatable system of scoring the outcome of a pregnancy which would be easily 
applied and appropriate to all care modes"*'. Such a "process clinical indicator" was 
envisaged as providing a tool for comparison with other units with similar functions 
and patient profiles, and a research or quality improvement tool to monitor changes 
within a unit when changes in clinical management occur. 
HYPOTHESIS 
That a simple scoring system, examining the degree of intervention required and 
morbidity and mortality of the process of childbirth, would be a useful comparative 
indicator of outcome. 
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METHODOLOGY 
Scoring system development: 
We chose a simple 0 to 3 grading of outcome for the mother and for her infant, 
leading to a total outcome score (the Pregnancy Outcome Score or PCS) of 0 to 6 
(Figure 7.1). 
In the case of the mother, we allocated: 
• 3 points when the mother required roufine care only, achieved a vaginal birth and 
did not require perineal repair, had no significant puerperal complications, and 
was discharged to her home feeding her infant in the mode in which she intended. 
• 2 points when a complication occurred which required additional observation or a 
routine intervention; examples include performance of an episiotomy. assisted 
vaginal birth, retained placenta, planned elective caesarean section, antepartum 
haemorrhage, and uncomplicated hypertension and gestational diabetes. 
• 1 point when a complication occurred which required emergency or lifesaving 
intervention or was likely to result in long-term disability; examples include 
emergency caesarean section, proteinuric hypertension, neurological (seizure or 
cerebrovascular accident) or cardiac (congestive cardiac failure) complications, 
thromboembolism, and the need for blood transfusion. 
• 0 points for maternal demise. 
For the baby, we allocated: 
• 3 points when a 37 week or more gestation baby of more than 2500 g birthweight 
required routine care only and was discharged home with its mother feeding well. 
• 2 points when a complication occurred which required additional observation or a 
routine intervention and was not likely to lead to long-term deficit; examples 
include preterm birth between 34 and 37 weeks, low birthweight between 1500 g 
and 2500 g, the use of phototherapy or antibiotics, and the presence of minor 
developmental anomalies. 
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• 1 point when a significant complication occurred which required emergency or 
lifesaving intervention, or was likely to result in long-term deficit; examples 
include gestafion at birth of less than 34 weeks, birthweight less than 1500 g, the 
need for neonatal surgery, severe hypoxia, intracranial haemorrhage, blood 
transfusion, or major anomalies such as neural tube defects and Down syndrome. 
• 0 points when perinatal death occurred. 
We chose to look, primarily, at the total pregnancy outcome score, as we see 
pregnancy as an holistic experience for the family; however, it would also be valid to 
look at the maternal and infant elements separately. 
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Figure 7.1: Pregnancy outcome score schematic 
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PILOT STUDY 
.^ 11 singleton public births at Caims Base Hospital for the three month period ending 
31.12.94 were retrospecfively scored, by the author and the research midwife. If any 
doubt existed regarding the appropriate score to allocate, the lower score was always 
chosen. Pregnancy Outcome Scores so obtained were compared with prospectively 
allocated Risk Scores and with ethnicity. 
The pregnancy outcome scores were examined statistically by the Chi square test, as 
they are categorical data, whilst the risk score data, being continuous data, were 
examined by Students t test. 
Results 
306 pregnancies were examined, with 40 of the women identifying themselves as 
Aboriginal, 30 as Torres Strait Islanders, 208 as Caucasians, and 28 as 'Other'. 6 
muhiple pregnancies in this period were not examined. 
104 of the 306 pregnancies (34.0%) received a pregnancy outcome score of 6, 118 
(38.6%) a score of 5, 71 (23.2%) a score of 4. 9 (2.9%) a score of 3. and 4 (1.3%) a 
score of 2; no pregnancies scored 1 or 0. The mean pregnancy outcome score was 
5.01. and the standard deviation was 0.90. 
The Indigenous women who gave birth at Caims Base Hospital were, collectively, a 
higher risk group than the Non-indigenous women, with risk scores averaging 1.5 
higher (p«0.005) (Table 7.1). This higher risk was mirrored by lower pregnancy 
outcome scores (4.79 +/- 0.99 versus 5.08 +/- 0.86; p «0.05) , with the Torres Strait 
Islanders having the highest risk scores and the lowest pregnancy outcome scores. 
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Discussion 
This pregnancy outcome score was proposed as a clinical indicator of morbidity in the 
childbirth process. It is simple to measure and does appear to relate to the poorer 
outcome that we know exists in high risk pregnancies. 
It is interesting that the lowest outcome scores, as a group, occurred in the Torres 
Strait Islanders. Cairns Base Hospital acts as a referral hospital for these women, with 
their primary birth unit being at Thursday Island Hospital. As such, most Torres Strait 
Islanders who come to Caims come because of a referral for medical or obstetric 
reasons. The Aboriginal women, on the other hand, do not have a primary birth unit 
on Cape York, and so low and high risk women give birth in Cairns. These facts are 
borne out in the pregnancy outcome and risk scores of the two groups. 
SYNTHESIS 
The pregnancy outcome score is a simple, useful and, apparently, appropriate clinical 
indicator of process. This pilot study supports the initial hypothesis that a simple 
scoring system, examining the degree of intervention required and morbidity and 
mortality of the process of childbirth, would be a useful comparative indicator of 
outcome. 
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BACKGROUND 
Retrospective data 
In Part 1 of this thesis it has been established, from retrospective Caims Base Hospital 
data from the period 1991 to 1996, that there was a significantly higher incidence of 
low birthweight births to Aboriginal women, compared with Caucasian women (risk 
ratio 2.41, 95% confidence interval 2.06 - 2.82). 
The incidence of perinatal death in Aboriginal people is higher than in Caucasians. 
The relative risk of perinatal death for indigenous people in the Peninsula and Torres 
Strait region from 1991 to 1996, compared with non-indigenous people, was 2.55 
(95% C.L 2.02 - 3.21, p<0.005). 
This excess of Aboriginal perinatal deaths occurs largely in the low birthweight 
group. Two thirds (66.0%) of the non-indigenous perinatal deaths were in births 
where the birthweight was less than 2500 g, whilst more than three quarters (78.4%) 
of indigenous perinatal deaths were in births of babies weighing less than 2500 g. 
This difference is highly significant (Chi square 7.97, p < 0.005). 
Given the limitations of gestafional assessment in a group of women who did not, in 
many cases, adequately access antenatal care, there appeared to be a higher incidence 
of preterm birth in Aboriginal pregnancies. Gestafion at birth was 38.0 + 3.1 weeks 
(mean + standard deviation) for Aboriginal babies, whilst it was 39.1 z 2.3 for 
Caucasians (Unpaired t test-14.07. df 5579, p<0.0005). 
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Possible explanations 
Four possibilities would explain these findings: 
1. The excess incidence of low birthweight Aboriginal births is due to a higher 
incidence of preterm birth. 
2. The excess incidence of low birthweight Aboriginal births is due to a higher 
incidence of intrauterine fetal growth restriction. 
3. The excess incidence of low birthweight Aboriginal births is due to a higher 
incidence of preterm birth and a higher incidence of intrauterine fetal growth 
restriction. 
4. The excess incidence of low birthweight Aboriginal births is not due to either 
a higher incidence of preterm birth or a higher incidence of intrauterine fetal growth 
restriction, but is related to consfitufional differences between Aboriginal and 
Caucasian people. 
Clinical belief 
There is a wide spread belief amongst medical and nursing personnel who look after 
Aboriginal women during their pregnancies, and Aboriginal babies in the neonatal 
period, that a reduction in the Aboriginal perinatal mortality rate should occur if the 
incidence of low birthweight Aboriginal births is reduced. 
Further, the recenfiy developed "fetal programming" hypotheses appear to suggest 
that a reduction in the incidence of low birthweight birth may lead to a reduction in 
the incidence of a number of health problems afflicting Aboriginal adults, such as 
diabetes mellitus, hypertension and other cardiovascular diseases, and end-stage renal 
disease. 
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If these beliefs are true, the development of successful interventional programs is 
dependent upon a correct understanding of the cause of the excess incidence of 
Aboriginal low birthweight birth. 
NULL HYPOTHESES 
Based upon the retrospective data above, two null hypotheses require investigation: 
1. That the average gestafion at birth and the incidence of preterm birth in 
Aboriginal people is the same as that in Caucasians. 
2. That the intrauterine fetal growth pattem of the Aboriginal fetus is the same as 
that in Caucasians. 
RESEARCH STRATEGY 
To achieve adequate investigation of the above null hypotheses a prospective study of 
fetal growth and gestation was conceived, with cohorts of .Aboriginal and Caucasian 
women who had attended for commencement of antenatal care early enough in their 
pregnancy to allow for accurate assessment of fetal gestation by ultrasound 
measurement. 
Such a study of Aboriginal pregnancies had not been possible prior to the 
development of a regular specialist antenatal care program such as that provided by 
the FROGS service. Recruitment was planned in the four major Aboriginal 
communities of Cape York (Aumkun, Kowanyama, Lockhart River and Pormpuraaw) 
serviced by FROGS. 
It was not possible to recruit a Caucasian control group from the remote Cape York 
communities, as few such women who live in those communities have pregnancies. 
Due to the clear differences in the epidemiological characteristics of childbearing 
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Aboriginal and Caucasian women in Far North Queensland it was not, in fact, 
possible to recmit a comparable control group of Caucasian women at all. However, a 
Caucasian reference group was available for recruitment from the public antenatal 
clinic of Caims Base Hospital, to allow comparison of their ultrasound measurements 
with known Australian Caucasian standards. 
Gestation was initially assessed by appropriate ultrasound measurement of the fetus 
(crown-mmp length, biparietal diameter, femur length, abdominal circumference as 
appropriate for the size of the fetus), as a part of normal antenatal care. The woman 
was asked to participate in the study if the fetal measurements indicated that the 
gestation at first visit was less than 20 weeks. This would allow for comparison of the 
birthweight-for-gestation incidence between Aboriginal and Caucasian pregnancies. 
At 3 to 4 further visits during the pregnancy, biparietal diameter, femur length, 
abdominal circumference were measured by repeat ultrasound, with the aim of 
developing of centile charts of biparietal diameter (BPD), femur length (FL), and 
abdominal circumference (FAC) related to gestation for Aboriginal and Caucasian 
fetuses. Gestation-related trends in these fetal biometric variables were examined to 
compare the intrauterine fetal growth pattem of the Aboriginal and Caucasian fetuses. 
Phenotypic measurements of the neonate were compared with matemal 
characteristics, to understand the relationship between intrauterine conditions and 
neonatal weight and size. 
Such a project had not been previously published at the beginning of this study 
(March 1997). 
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ETHICS APPROVAL 
The study was approved by the Ethics Committee of Caims Base Hospital, which is 
constituted under the NHMRC guidelines for such committees and, b> agreement of 
the five health districts of Far North Queensland (which, together, now comprise the 
previous Peninsula and Torres Strait Health Region mentioned in Part 1 of this 
thesis), is the ethics committee which undertakes approval for all public health 
facilities in Far North Queensland. The committee included indigenous lay people as 
required and received input from Apunipima (the Cape York Indigenous Health 
Council) and from women's groups in the target communities. 
FUNDING 
A Nafional Health and Medical Research Council RADGAC grant (number 
97/DHSH07003G) of $151,449 over 3 years paid for the salary of a research midwife, 
some travel costs, and a laptop computer. 
PROJECT DESIGN 
Admission to study 
All Aboriginal women attending FROGS clinics for their antenatal care in the four 
study communities had an initial dating scan as part of their roufine antenatal care. If 
the gestation proved to be less than 20 weeks gestation (biparietal diameter of 48 mm 
or less) and the woman did not have a pre-existing medical condition known to affect 
fetal growth (e.g. diabetes mellitus, essential hypertension) the aims and methodology 
of the study were explained to the woman by the research staff (the author and/or a 
research midwife, Ms. Deborah Holzheimer RN.RM., well known to the families of 
these communities after many years of working in charge of the Caims Base Hospital 
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antenatal clinic). The woman was then invited to participate in the study. The right to 
refuse to take part in the study and the right to withdraw from the study at any time 
was made clear prior to obtaining written consent. 
A reference group of Caucasian women were recmited from the antenatal clinic of 
Caims Base Hospital, with the women being initially invited to take part by the clinic 
midwives independent of the research team. These women were simply selected as 
being the first new patient to attend the antenatal clinic, when a new patient 
appointment was available with the research team, who indicated to the clinic 
midwives likely consent to involvement in the study. There was no attempt made to 
match the reference group to the study group. 
Ultrasound measurements 
At the dating scan, and at three to four subsequent scans during the pregnancy fetal 
biparietal diameter (BPD), abdominal circumference (FAC) and femur length (FL) 
measurements are made. These measurements are made by the two investigators, and 
the average taken. The timing of the scans related to the frequency of specialist 
outreach visits to the community concemed. 
Availability of ultrasound data to clinicians 
The dating scan was filed in the unit record in the usual manner. Bearing in mind the 
accuracy of dafing scans at less than 20 weeks gestation, the expected date of 
confinement calculated from the first day of the last menstmal period was accepted as 
correct if the woman was sure of the date of her last period and had a regular cycle, 
had not used hormonal contraception within the previous three months, and the date 
calculated from the dating scan was within seven days of the menstrually calculated 
date ^^ Otherwise, the date calculated from the dating scan was taken as the expected 
date of confinement. 
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The results of the other ultrasound scans performed as part of the study were filed in 
study files, but available to the clinicians on request. 
Sample size calculations 
The retrospective Caims database revealed Caucasian birthweights to be 
approximately 3100 + 500 g, and Caucasian gestafional age to be approximately 39.1 
+ 2.3 weeks. On a clinical basis, a difference of 10% (300g) or more in birthweight 
between Caucasian and Aboriginal neonates would be significant, as would a 
difference of one week or more in gestation. 
Sample size calculations, aiming to detect a difference of 300g between the two 
groups with 80% power and 95% significance, show a need to include 45 women per 
group. Similar calculations show that detecting a difference of one week with 80% 
power and 95% significance would require 83 women per group. 
Allowing 15%o for unrecognised confounders, the aim was to recmit and fully follow-
up 95 per group (83 + 12). Examination of the birth records of Caims Base Hospital 
showed that this aim would take 2 to 3 years, depending upon the number of women 
who were seen for their first antenatal visit prior to 20 weeks gestation, and 
subsequently consented to participation in the study. 
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Data collected 
Initial antenatal contact data 
• Name: Sumame and First name 
• Ethnicity: Women who identified themselves as Aboriginal were asked about the 
ethnicity of their parents, and the parents of the father of their fetus; eligible 
Aboriginal women were included in the study if all four, or three of four 
grandparents of the fetus were Aboriginal. Women were included as Caucasian if 
their fetus had three or four Caucasian grandparents. 
• Maternal date of birth 
• Matemal age at trial entry 
• Community: The community in which the woman normally lived (Aumkun, 
Cairns, Kowanyama, Lockhart River or Pormpuraaw). 
• Unit Record Number: Cairns Base Hospital medical record number, for all 
women in the study, and medical record number in the relevant Cape York 
community health centre where the woman lived in such a community. 
• Gravidity: Number of pregnancies, including the current pregnancy. 
• Parity: Number of viable babies previously born to the woman. 
• Tobacco use in pregnancy: The woman was asked to estimate her average 
cigarette use per day, which was then classified as nil, light (less than ten 
cigarettes per day), and heavy (ten or more cigarettes per day). 
• Alcohol use in pregnancy: The woman was asked to estimate her average alcohol 
intake per week, which was then classified as nil, light ( <100g per week - less 
than or equal to two standard drinks per day five times per week), and heavy 
(> 1 OOg per week - more than two standard drinks per day five or more times per 
week). 
• Booking maternal measurements: Weight (kg), height (m), and Basal Metabolic 
Index (BMI) calculated as BMI = [weight (kg) / height" (m)]. (A BMI of less than 
19.8 kg/m" prior to pregnancy is usually regarded as evidence of poor nutrition). 
• First visit risk score 
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• Early ultrasound scan: Date of scan, ultrasound measurements of BPD (Biparietal 
diameter), ATD (Abdominal transverse diameter), APD (Abdominal antero-
posterior diameter), FAC (Fetal abdominal circumference derived from ATD and 
APD; FAC = 7t[ATD + APD/2]), and FL (Femur length). 
• Calculated days gestation at first scan: This calculation is made using the average 
number of days calculated from mean tables published by the Australian Society 
for Ultrasound in Medicine (ASUM). 
• Calculated EDC: Based upon the calculated gestation from the early ultrasound 
scan 
Data at subsequent antenatal visits: 
• Date 
• Gestation calculated from first visit gestation 
• Ultrasound measurements of BPD (Biparietal diameter). .ATD (Abdominal 
transverse diameter), APD (Abdominal antero-posterior diameter), calculated 
FAC (Fetal abdominal circumference derived from .ATD and APD), and FL 
(Femur length). 
• Pregnancy data: Date of delivery, calculated gestation at deliver}- (calculated from 
first visit gestation), antenatal complications of pregnancy. 
Birth details: 
• Whether the birth was a spontaneous vaginal delivery, an assisted vaginal 
delivery, or a caesarean section; if an assisted delivery (assisted vaginal or 
caesarean section) the indicafion for assisted delivery was also recorded. 
• Timing of the birth was recorded as planned (induction of labour or elective 
Caesarian section) or spontaneous. 
• Neonatal details: Whether the baby was livebom and discharged from hospital 
alive, sfillbirth or died in the neonatal period, any need for admission to special 
care baby unit (SCBU) was needed, 5 minute Apgar score. 
• Pregnancy Outcome Score 
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Neonatal measurements / details: 
Weight (g) 
Head circumference (cm) 
Abdominal circumference (cm) 
Crown-heel length (cm) 
Triceps skin fold thickness (cm) 
Mid-arm circumference (cm) 
Ponderal index (PI) calculated as PI = [Birthweight(gm) x 100/Length3(cm)] 
Dubowitz score. 
Presence of fetal anomalies and/or neonatal problems 
Details of ultrasound measurement methodology 
For each item concerned, three measurements were made, and the average taken. 
These measurements were preferably undertaken by two observers (Michael 
Humphrey and Deborah Holzheimer), though this was not always possible due to 
clinical and leave constraints. 
Ultrasound equipment used: All measurements were made using an Aloka SSD-500 
portable ultrasound scanner with a 3.5 mHertz 60 electronic convex probe. As this 
portable ultrasound unit was the only available equipment in the remote outreach 
setting, it was also used for all measurements made on the fetuses of the reference 
Caucasian group. 
Biparietal diameter (BPD): The biparietal diameter of the fetal head was obtained at 
the level of the thalami and the septum pellucidum. with measurements being taken 
from the outer edge of the anterior skull table to the inner margin of the posterior 
skull table. 
Fetal abdominal circumference (FAC): After the lie of the fetus was ascertained and 
the fetal aorta or spine was located, scanning was performed at right angles to these 
structures. The fetal abdominal circumference was derived from the abdominal 
transverse diameter (ATD) and the abdominal antero-posterior diameter (APD) 
measured at the level of the portal sinus; in this transaxial view, the fetal stomach and 
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the intra-abdominal umbilical vein - ductus \enosus complex are seen. The 
abdominal circumference was then calculated using the formula for the calculation of 
the circumference of a circle (FAC = 7r[ATD + APD/2])'^^ 
Femur length (FL): The femur length is obtained by measuring the ossified diaphysis. 
from the proximal to the distal metaphysis, with preference being given to 
measurement of the femur closest to the maternal abdominal wall. 
Details of gestation calculation methodology 
Calculated days gestation from first ultrasound scan: This calculation was made using 
the average number of days gestation, calculated from mean BPD, F.AC and FL tables 
recommended by the Australian Society for Ultrasound in Medicine (.ASUM) 
(Appendix 3). The ASUM standard BPD chart was based upon an Australian 
population , whilst the FAC and FL charts were based upon those published by 
Hadlock and colleagues . As gestational assessment becomes more inaccurate the 
further pregnancy proceeds, women were not included in the study if the average was 
more than 140 days (20 weeks). Crown-rump length (CRLj measurement was utilised 
to determine approximate gestation before 14 weeks, though gestational 
determinations for the purpose of this study were always made from the first set of 
BPD, FAC and FL measurements. 
Calculated Expected Date of Confinement (EDC): The Expected Date of 
Confinement and the gestation at subsequent ultrasound scans were based upon the 
calculated gestation from the first ultrasound scan, and the presumed average human 
gestation of 280 days. 
Details of neonatal measurement methodology 
Birthweight: All neonates were weighed, without clothing, within 24 hours of birth 
using electronic scales (Seca 727 ®). which were calibrated 6-monthly by the 
manufacturer's representative. 
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Head circumference: This measurement was taken at the greatest circumference of the 
head, slightly above the level of the top of the baby's ears and around the occipital 
prominence, using paper disposable measuring tapes. 
Abdominal circumference: This measurement was taken with the baby recumbent, at 
a level 1 cm above umbilicus, using paper disposable measuring tapes. 
Crown-heel length: This measurement was made with the neonate recumbent on an 
examining table with a fixed headboard and a moveable footboard that are both 
perpendicular to the table surface. The infant needs to be positioned correctly by two 
persons - one holds its" head so that it looks vertically upwards, with the crown of the 
head placed firmly against the headboard, and the other straightens the infant's legs, 
holding the feet with toes pointed directly upwards, and moves the footboard firmly 
against the feet. The length is the distance, to the nearest 0.1cm, between the 
headboard and the footboard. 
Mid-arm circumference: This measurement was taken at a level midway between 
acromion and the olecranon, using paper disposable measuring tapes. 
Skin fold thickness: Calipers were used to measure the thickness of the skin pinched 
firmly between a finger and the thumb, pulling the skin away from the underlying 
muscle, just below the level at which the mid-arm circumference is measured, 
overlying the triceps muscle belly. 
Ponderal index: Ponderal index was calculated from the formula PI = Birthweight 
(gm) X 100 / Length^ (cm). Neonatal Ponderal index is usually regarded as normal 
when equal to or greater than 2.41 and low when less than 2.41. A low Ponderal 
index (along with smaller skin fold thickness, mid-arm circumference and abdominal 
circumference measurements) suggests that the baby has been subject to intra-uterine 
growth restriction, resulting in less subcutaneous and intra-abdominal fat deposition. 
Dubowitz score: The neonatal Dubowitz score^ was calculated at the time of 
weighing and measuring the baby. It consists of an "extemal sign" element (0 - 34) 
and a "neurological sign" element (0 - 34), which are added together to produce a 
total score of 0 to 68. The elements of the external and neurological scores are shown 
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in Appendix 4. This score is then used to calculate a gestational age equivalent using 
the formula y = 0.2642x + 24.595, where x is the total score (Figure 8.1). 
4 4 
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Figure 8.1: Relationship between total Dubowitz score and calculated gestational age. 
Statistical evaluation of the data 
Contingency chi-square tests, or where numbers permitted, Fisher's exact tests, were 
used to compare groups with respect to categorical demographic data. Continuous 
variables were compared by the Mann-Whitney test. 
The gestational characteristics of the two groups were analysed by Kaplan-Meier 
survival analysis, for which the event of interest was the gestation at birth, as 
esfimated from the first ultrasound scan. 
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The Kaplan-Meier procedure is a method of estimafing time-to-event models, and 
uses a method of calculating life tables that estimate the survival or hazard function at 
the fime of each event. It is based on esfimafing conditional probabilifies at each time 
point when an event occurs and taking the product limit of those probabilities to 
esfimate the survival rate at each point of time. In this study, "survival" is equivalent 
to an undelivered gestation, and this technique allows statisfical comparison of two 
gestation-at-delivery patterns. 
The associafions of clinical factors with birthweight and other neonatal phenotypic 
characteristics were analysed by linear multiple regression analysis. 
The development of percentile charts for fetal biometric measurements was 
performed in a longitudinal manner, rather than a cross-sectional one, as the aim was 
to establish reference values for fetal growth rates (rather than fetal size), and rates of 
change in indices are more valuable clinically than charts of the indices themselves. 
Gestation-related trends in fetal biometric variables were analysed using repeated 
measures analysis of variance models in a generalised linear modeling (GLM) 
framework"'. Interpretation of these models was based upon multivariate tests. Where 
the assumption of sphericity was violated, a Greenhouse-Geisser correction was 
applied to the degrees of freedom prior to interpretation of statistical significance. 
Polynomial contrasts were fitted to the time trend data. Linear and quadratic 
components were tested. 
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The generalised linear model for repeated measures within subjects allows the 
statisfical comparison of longitudinal data sets, examining both the presence or 
absence of significance of trends within a data set and the presence or absence of 
significant differences between data sets. 
SYNTHESIS 
A prospective ultrasound-based study of Aboriginal fetal growth and gestation was 
conceived to examine two null hypotheses: 
1. That the average gestation at birth and the incidence of preterm birth in 
Aboriginal people is the same as that in Caucasians. 
2. That the intrauterine fetal growth pattern of the Aboriginal fetus is the same as 
that in Caucasians. 
Recruitment of Aboriginal women occurred in the four major communities of Cape 
York (Aumkun, Kowanyama, Lockhart Ri\er and Pormpuraaw) serviced b> FROGS, 
and a randomly selected Caucasian reference group was recruited from the public 
antenatal clinic of Cairns Base Hospital. Such a project had not previously published 
at the beginning of this study in March 1997. 
The study was performed during the author's work with the FROGS service, and a 
Nafional Health and Medical Research Council RADGAC grant paid for the salary of 
a research midwife, some travel costs, and a laptop computer. The Ethics Committee 
of Caims Base Hospital approved the study. 
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LITERATURE REVIEW 
In the context of this proposed prospective ultrasound-dated study of Aboriginal fetal 
gestation and growth several issues need exploration in the published literature: 
• Fetal growth and gestafion in aboriginal pregnancies 
• Birthweight and fetal growth standards 
• Risks for, and consequences of, poor fetal growth 
• Ultrasound standards and accuracy in fetal gestation and growth 
• The safety of ultrasound in pregnancy 
FETAL GROWTH AND GESTATION IN ABORIGINAL PREGNANCIES 
Prior to the 1980s there was little written about Aboriginal fetal and neonatal welfare, 
apart from one article by Morrison' and several passing references to birthweights in 
articles on infant health. Morrison reported a retrospective analysis of 100 
consecutive Aboriginal births in King Edward Memorial Hospital, Perth, and showed 
that a "detribalised" group of Aboriginal births resulted in a perinatal mortality rate of 
67.9 per 1000 total births, which was twice that of social class 4 Caucasian births. 
In 1981 Seward and Stanley published an analysis of Western Australian Aboriginal 
births in the years 1975 to 1978"U They showed that mean Aboriginal birthweights 
were approximately 250g lower than mean Caucasian birthweights, and that 13% of 
the 3,110 Aboriginal babies weighed less than 2500g at birth compared with 5.5% of 
the 56,715 Caucasian babies. The data was obtained from the Western Australian 
Midwives Birth Notification System, Death Certificates and the Western Australian 
Hospitals Morbidity Data Collection. No check was made on data validity. 
In 1984, Watson (a Northem Territory regional medical officer) wrote a brief 
communication '^"* showing that Biparietal Diameter measurements in Amhemland 
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.Aboriginal pregnancies, when correlated with the estimated gestational age at birth, 
were less than those for Caucasians, particularly in late pregnancy. It is not clear from 
this communication how the Caucasian standards were obtained or how the 'estimated 
gestational age at birth' was estimated. 
In the same year. Walker and Green reported on the incidence of low birthweight in 
full blood Aboriginal neonates in the Northern Territory^"'. In view of uncertainty 
regarding menstrual dates they compared Dubowitz score derived gestational 
assessments and birthweights of 62 low birthweight infants with Australian 
intrauterine growth curves. As the author has only been able to view an abstract of 
this article, the source of the growth curves is not known. They concluded that 
intrauterine growth restriction was common in Aboriginal pregnancies, but they were 
unable to determine the cause(s). 
A 1985 article by Thompson"' used data extrapolated from the Australian census 
1982. It shows 963 births in 14 Queensland Aboriginal communities, with 17 
stillbirths, 6 neonatal deaths and 20 post-neonatal deaths; the definitions of these 
terms are not given. The calculated mortality rates in the article are incorrect and 
some of the calculations questionable. However, from the figures given, the 
Queensland Aboriginal stillbirth rate was 17.7 per 1000 births (compared with 
Australia Non-Aboriginals 7 per 1000 births), and the Queensland Aboriginal 
neonatal death rate was 6.3 per 1000 live births (cf Australia Non-Aboriginals 6.6 per 
1000 live births); ie. 24 vs 13.6 per 1000 births perinatal mortality rates. 
In the same year, 555 South Australian Aboriginal births (said to be approximately 
1.5%) of an unstated total number of births) in 1981 and 1982 were studied''' on the 
basis of data reported by midwives to the South Australian perinatal statistics unit. 
This report showed the incidence of low birthweights (less than 2500g) and preterm 
births (less than 37 weeks gestation) in Aboriginal pregnancies to be approximately 
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double that of the South Australian total. The means of determining gestational age 
was not stated. 
A year after his 1984 Letter to the Editor, Watson reported on a program to involve 
Aboriginal health workers in roufine ultrasound scanning of pregnant Amhemland 
Aboriginals'^ In 1986. he reported on 657 real-time scans in 206 Aboriginal 
women , and retrospectively correlated the data with estimates of the fetal gestafional 
age made by midwives or doctors after birth by Dubowitz scoring; these scores were 
'rounded' to an even number of weeks. Biparietal measurements were made from 
outer table to outer table of the fetal skull. When compared with a 1978 American 
standardised curve for fetal biparietal diameter versus gestational age the Aboriginal 
biparietal diameters were smaller than the American measurements, most noticeably 
in later pregnancy (up to 2.5mm). In passing, the birthweights of the Amhemland 
Aboriginal babies were compared with North Queensland 'Aborigine' (actually a 
mixture of Aboriginal and Torres Strait Islander) and a Melbourne 'Hospital 
Population' (the Mercy Matemity Hospital, with almost exclusively Caucasians of 
European descent) birthweights. The mean North Queensland Indigenous 
birthweights were greater than those for the Amhemland Aboriginal babies, but less 
than those for the Melbourne Caucasian babies. 
In the same year^° Watson also reported on the pregnancies and births of 683 
Aboriginal women resident on Elcho Island, off the coast of Arnhem Land. His report 
was of a group of women he describes as "...tall and of light build... "whose babies in 
1979-1982 had birthweights of 2889 ± 485g, with 26% being bom below 2500g. The 
data in this publication are somewhat sketchy, but late antenatal attendance, high 
tobacco use and poor nutrition are described as major associates of low birthweight. 
Antenatal care involving health workers, an "at risk" score sheet, fundal height 
measurement, and readily available portable ultrasound examination (with Polaroid 
photographs for the woman to take away) to encourage early attendance and to assess 
gestafion are suggested to improve the outcome of these pregnancies. 
173 
Chapter 9 Literature review 
From 1979 to 1983 Western Australian Midwives Birth Notification System data . 
published in 1986 by Stanley and Mauger. showed that births to adolescent mothers 
of babies less than 2500g birthweight rose as maternal age fell, and that the relative 
risk of such low birthweight births for Aboriginal mothers was almost twice that for 
Caucasian mothers. No check was made on data validity and the accuracy of the 
gestational age data was doubtful due to the data collection techniques. 
A retrospective analysis of all births at the Royal Darwin Hospital from 1969 to 1983, 
also published in 1986 by Gogna and others'"^ showed that the incidence of Aboriginal 
births less than 2500g birthweight was 23.2%, compared with an incidence of 6.4%) 
for similar weight babies to non-Aboriginal mothers. For all birthweights up to 2500g 
Aboriginal babies were more likely to survive, suggesting to the authors that most of 
these Aboriginal babies weighing less than 2500g at birth were small for gestational 
age, and more mature than suggested by their birthweight. Specific estimates of 
gestation were not mentioned in this study. 
Further data from the Western Australian Midwives Birth Notification System, from 
1980 to 1986, was published in 1989". 158,729 births, including 8150 (8.1%o) 
Aboriginal births were studied. As previously, no check was made on data validity 
and the accuracy of the gestational age data is doubtful. Gestational age data was not 
available for 8.1% of the Aboriginal births and for 2.3%) of the Caucasian births. The 
mean birthweights of Aboriginal babies were found to be higher than those of 
Caucasian babies at earlier gestations, and lower at later gestations. Gestational age 
distribution of Aboriginal births appeared to be skewed to the left, compared with 
Caucasian births. 
In a leading article in the same edition of The Medical Joumal of Australia^"* the 
Director of the National Perinatal Statistics Unit pointed out the inaccuracies inherent 
in gestational age assessment based on midwife obtained menstrual data from 
Aboriginal women. He suggested that birthweight percentile data, based on more 
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accurate assessment of gestational age, was necessary to understand whether 
perceived birthweight differences were real or were artefactual due to gestational 
inaccuracies. 
Also in 1989, Norton published data from 34 women^' who had their fundal-
symphysial height measurements measured by Aboriginal Health Workers. These 
measurements were charted on a fundal height to gestation nomogram. There was an 
ll%o false negafive rate and a 10%) false posifive rate in predicting birthweight less 
than the 10th percentile. The authors suggested it as a simple clinical tool for remote 
antenatal care. 
In 1992, Sayers and Powers retrospectively reviewed 605 Aboriginal infants bom at 
the Royal Darwin Hospital from 1987 to 1990*'^ , comparing the neonatal gestafional 
age estimate via the Dubowitz method with available estimates by first fundal height 
and first ultrasound measurement (crown-rump length in the first trimester and 
biparietal diameter in the second trimester). They found good agreement between 
Dubowitz and ultrasound methods (especially first trimester ultrasound), but poor 
agreement with the fundal height measurements. 
A year later, the same authors reported on 570 livebom singleton babies, bom at 
Royal Darwin Hospital between 1987 and 1991^\ with gestafional assessment being 
made by postnatal Dubowitz score. Dubowitz score was separately evaluated on 344 
Aboriginal babies bom at Royal Darwin Hospital where an ultrasound examination 
had been performed in the pregnancy, and retrospectively compared with the 
ultrasound calculated gestation. By this methodology. 27% of the babies without a 
non-Aboriginal ancestor were below the 10th percentile birthweight for gestational 
age (using Caucasian birthweight charts - Kitchen et al), whilst 14.2%) of babies with 
a non-Aboriginal ancestor were below the 10th percentile. These figures suggested, to 
the authors, that the percentile charts were incorrect for this region, and that 
Aboriginal babies are different, weight for gestational age, to non-Aboriginal babies. 
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babies. 7%o of the babies were preterm (less than 37 weeks gestation) and there was no 
difference in this pretemi incidence between Aboriginal and non-Aboriginal babies. 
In 1993 Kliewer and Stanley, again, retrospectively reviewed more than 150,000 
births in Westem Australia between 1980 and 1986 , reported via the Midwives 
collection system. Their data showed that Aboriginal babies appeared to have a higher 
survival rate at lower gestations and at lower birthweights than their Caucasian 
counterparts, and that this relationship was reversed with higher gestations and higher 
birthweights. They noted similar trends between Blacks and Whites in the United 
States of America, between native Indians and non-Indians in British Columbia, and 
between infants if Indian-bom women in the United Kingdom compared with all 
other United Kingdom babies. They suggested that, rather than these differences 
being due to data problems such as inaccurate gestation calculation, "....it may be that 
Aboriginals have a lower optimum birthweight and gestational age than Whites." 
They went on to suggest that the characteristics of the Aboriginal mother, compared 
to those of the Caucasian mother (greater proportion of teenage mothers, mothers of 
higher parity, smoking, alcohol intake, poor nutrition and sexually transmitted 
diseases, and fewer antenatal care attendances), was such that "...The longer the 
pregnancy, the greater the time that the Aboriginal fetus is exposed to these 
potentially noxious insults." 
The next year, workers from the same Western Australian group reported on 1,301 
singleton Aboriginal births from eight selected Western Australian locations 
occurring between 1985 and 1987 '^^ . This cohort was selected on the basis that an 
ultrasound examination had been performed before 24 weeks gestation. The data was 
obtained from retrospective analysis of birth records. The ultrasound-derived 
gestational age reliably agreed with the menstrual history-derived gestational age, in 
those women who reported accurate knowledge of their last menstrual period date, 
leading to the conclusion that 'ultrasound fetometry before 24 weeks gestation using 
Caucasian standards reliably estimates Aboriginal duration of gestation'. Examination 
176 
Chapter 9 Literature review 
of the gestafional age distribution in Aboriginal singleton pregnancies, compared with 
Westem Australian Caucasian singleton pregnancies between 1980 and 1986, showed 
the Aboriginal pregnancies to last between one and two weeks less than the Caucasian 
pregnancies. Some, but not all, of this difference was explainable by intervention in 
the form of elective early delivery. 
A 1995 publication by Coory^° examined perinatal mortality rates in relation to 
gestation, using Poisson regression models, and found that full-term Aboriginal 
neonates fared particularly poorly in comparison with their Caucasian counterparts. 
In 1996, the Australian Institute of Health and Welfare National Perinatal Statistics 
Unit published "Indigenous mothers and their babies Australia 1991-1993"''. This 
statistical compilation derived data from State and Territon.' Health Department and 
other sources. It reports on all births at 20 or more completed weeks or of 400 g or 
more birthweight. Amongst many other matters, it clearh shows that, within the 
accuracy of the data collection methods, significantly more Indigenous than Non-
Indigenous babies have low birthweights and significantly more Indigenous than Non-
Indigenous babies are born preterm. Calculating from this data, the Aboriginal 
relative risk of birthweight less than lOOOg was 4.40 (95''/o C.l. 2.21, 2.61), and less 
than 2500g the relative risk was 2.19 (95% C.l. 2.11. 2.28): the Aboriginal relafive 
risk for preterm birth less than 32 weeks gestafion was 2.40 (95% C.l. 2.18. 2.53) and 
for birth less than 37 weeks gestation the relative risk was 2.40 (95% C.I. 1.86, 1.99). 
Also, in 1996, Blair published a further retrospective study of the same cohort of 
1,301 singleton Aboriginal pregnancies dated by ultrasound before 24 weeks 
gestation, which she had reported on in 1994'-. She showed that the median 
birthweight for gestation for Aboriginal births after 35 weeks gestation, compared 
with Caucasian births at the same gestation, was 180g less after allowing for known 
pathological factors, and this trend was more marked for full blood Aboriginal babies 
than part blood Aboriginal - Caucasians. 
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In the same year, the author published some of the data contained in chapters 3 and 
6"'. This retrospecti\ e re\iew of Far North Queensland data drew attention to 
differences in apparent gestational distribution between Aboriginal and Caucasian 
pregnancies, and the different birthweight distributions between the two groups. In 
view of the high incidence of uncertainty regarding gestational age in Aboriginal 
pregnancies, a prospecfive study was suggested to confirm the apparent relationship 
between these data. 
Coory examined data on all Queensland births from 1988 to 1992, obtained from the 
Queensland Perinatal Data Collection (QPDC). which he published in 1996 . He 
noted that birthweight, after 34 weeks gestation, increases more slowly for Australian 
Aboriginals than for whites, and this was a similar pattern to that observed for blacks 
in the United States. He set out to construct a statistical examination of data to see if 
gestational age misclassification was an explanation. He found that extremely large 
changes in birthweight classification were needed to significantly move the 10th and 
90th centile curves, and that extreme types of misclassification were required to 
removed the divergence in median birthweights for Aboriginals and whites. He 
concluded "gestational age misclassification is an unlikely explanation for the 
reported divergence in average birthweights for Aboriginals and whites." 
In the same year, Coory also maintained that previous studies examining the risk of 
stillbirth among Australian Aborigines, particular in preterm gestafions, were 
inaccurate as an inappropriate denominator was used for calculations^'. He 
maintained that the proper denominator to use was the number of babies in utero that 
the start of the gestational age category rather than the number of births at that 
gestation. Data from the Queensland Perinatal Data Collection for the years 1987 to 
1992 involving 9122 aboriginal births and 229,116 white births were examined. 
Overall the relative risk of stillbirth for aboriginal pregnancies was 2.4 (95%) 
confidence interval 2.0-2.8). This fetal death risk analysis (compared with normal 
stillbirth rate analysis) showed the preterm Aboriginal fetuses have a stafistically 
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significant 3-4 fold increase in stillbirth risk compared with preterm white 
pregnancies. At full term, the fetal death risk for aborigines and whites were not 
statisfically significantly different. A detailed confidential audit of selected stillbirths, 
to determine why preterm stillbirth rates were different between aboriginal and 
Caucasian people, was recommended. 
Though written in 1997, another article by Sayers and Powers from the Northern 
Territory examines 503 live-born singleton births to Aboriginal mothers in 1987-
1990 . This would appear to be a subgroup of the births previously reported by these 
authors in 1993. The major matemal factors noted in relafion to low birthweight were 
low matemal BMI (< 18.5 kg/m'), smoking more than 10 cigarettes per day, and low 
matemal age. 
In 1999 Roberts and Lancaster reported on birthweight standards developed from 
computerised birth files at the Australian Institute of Health and Welfare from 
Australian births in 1991 to 1994. The data source was midwife birth notification 
forms. They examined 762,199 birth reports that appeared valid, including a subgroup 
of 28,230 Aboriginal and Torres Strait Islanders. They found that indigenous women 
were more likely to give birth to a baby at a gestation of less than 37 weeks and more 
likely to give birth to a small-for-gestational age baby at term. After 34 weeks 
gestafion they found that indigenous babies were consistently smaller than non-
indigenous babies - by 160g for male babies and 130g for female babies at 40 weeks. 
They did not distinguish between Aboriginal and Torres Strait Islander people, and 
recognised the problem of possible misclassification of gestational age from this data 
source. 
Another 1999 report compared 146 Aboriginal births to women from the Cherbourg 
community in the period 1990-1992 with those to non-Aboriginal women who gave 
birth at Kingaroy Base Hospital in 199LI The Aboriginal women were younger, had 
fewer antenatal visits and started their antenatal care later in pregnancy, and had 
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Another 1999 report compared 146 Aboriginal births to women from the Cherbourg 
community in the period 1990-1992 with those to 139 non-Aboriginal women who 
gave birth at Kingaroy Base Hospital in 1991^^. The Aboriginal women were younger, 
had fewer antenatal visits and started their antenatal care later in pregnancy, and had 
higher incidences of anaemia (Hb <llg/L), sexually transmitted infections and 
alcohol use in pregnancy. The babies had lower birthweights though the details are 
not given; 15 of Aboriginal newboms (10.3%)) weighed less than 2500g, whilst 8 
(5.8%)) of non-Aboriginal newboms were of similar weight. Alcohol use in pregnancy 
(amount not defined) was associated with a mean birthweight decrease of 
approximately 350g, and sexually transmitted infections with a mean birthweight 
decrease of approximately 440g. The authors attributed these associations to be 
related to life style issues such as smoking, poor nutrition and "...other lifestyle 
factors that slow fetal growth", though tobacco use was not one of the matemal 
factors examined. 
BIRTHWEIGHT AND FETAL GROWTH STANDARDS 
The earliest record discovered by the author of scientific comment relating to "fetal 
growth curves" was made by McKeown and Record in 1952''^ (the author has not 
viewed this article). Weight by gestational age was plotted for single and mulfiple 
birth. 
In 1963 Lubchenco, Hansman, Dressier and Boyd published birthweight data from 
5635 livebom Caucasian babies, bom at 5,500 feet above sea level in Colorado^°, and 
in 1967 Battaglia and Lubchenco described, for the first time, three birthweight 
categories ^ - SGA (small for gestational age) less than the 10th percenfile weight for 
age, AGA (appropriate for gestational age) between 10th and 90th percenfiles, and 
EGA (large for gestational age) above the 90th percentile. It was suggested that SGA 
babies had been subjected to intrauterine fetal growth retardation. 
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In 1972, a study from Kandang Kerbau Hospital in Singapore reported on the 
birthweight of 11,026 Chinese. Malayan and Indian live bom infants^'. Patients with 
uncertain menstrual dates had been excluded, which may have excluded more babies 
bom to mothers in lower socio-economic groups. They found the weight-for-
gestafion pattems for Chinese and Malays similar, though babies of Indian ethnicity 
had lower weights for gestation after 36 weeks. 
In 1976 Brenner, Edelman and Hendricks published standard birthweight data^ -^  
derived from 641 aborted fetuses between 8 and 21 menstrual weeks gestation, and 
30,772 singleton deliveries from 21 to 44 menstrual weeks gestation, where the 
pregnancy was not complicated by pre-eclampsia, breech, erythroblastosis, diabetes 
mellitus or congenital anomaly: this data was from an essentially sea level population 
in North Carolina. Their graphs, which showed "S" shaped curves, with a reduction in 
the rate of growth near term, and were labeled "Intrauterine Weight Charts". 
Corrections were also published for parity of mother, race and sex of baby. 
Oakley, Parsons and Whitelaw examined 1293 British Caucasian babies of 37-42 
weeks gestation '^* in 1977. and percentile charts were derived for subscapular and 
triceps skinfold thickness. These measurements were suggested as a means of 
assessing intrauterine fetal nutrition. 
In 1979 Keeping, Chang, Morrison and Esler examined the birth weights of 14.328 
singleton babies bom alive without anomaly at the Mater Mother's Hospital, by 
multiway analysis of variance^'. They identified a linear equation that applied 
between 36 and 42 weeks, where loadings were calculated for factors such as 
gestation, matemal age, patient admission status, matemal height, weight and parity, 
country of origin, and infant sex. This study was useful in identifying some of the 
influences on birthweight. but did not have clinical application to fetal growth and its 
abnormalifies. 102 Aborigmal babies were included, and their mean birthweight was 
slighfiy lower than that of the entire group. 
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Altman and Coles, in 1980^^, developed nomograms from birth weight data derived 
from a 1968 published Aberdeen survey. These nomograms were used to assess an 
infant's position in relation to birth weight centiles and were subdivided by the sex of 
the newbom and by whether the newborn was a first born or later born baby. 
After developing a standard centile chart for symphysial-fundal height from 103 
Oxford women who gave birth to infants in the birthweight range of 25 Mo 90 ^ 
centile for gestation, Quaranta and others published a chart^^ in 1981 which was used 
to predict low birthweight in 138 women described as "high-risk" (the details of 
selection for this group are not clear). If two consecutive readings or three isolated 
readings were below the 10^*^  centile on the standard symphysial-fundal height centile 
chart, birthweight less than the lO'*^  centile weight for gestation was predicted with a 
maximum sensitivity of 69% at 32-33 weeks, and prediction of birthweight above the 
lO"^  centile with a specificity of 75-96%). This group suggested the use of routine 
serial symphysial-fundal height measurement to assist with prediction of low 
birthweight during normal antenatal care. 
1983 saw publication of measurements from babies born at the Royal Women's 
Hospital, and Queen Victoria Medical Centre, Melbourne'^^ between 1971 and 1979 
yielded birthweight, length and head circumference graphs aimed at an Australian 
Caucasian (mainly middle class) population. They were, also, "S-shaped" and are still 
in wide use today. 
on 
A novel study, in Adelaide in 1983 . of water metabolism in neonates measured 
water tumover rates by means of an isotope dilution technique. There was a highly 
significant difference in rates between normally grown, borderline and clearly growth 
retarded groups of babies, with no overlap. The authors suggested this test as an 
objective postnatal index of fetal growth retardation, but it does not appear to have 
been clinically applied despite clear discrimination between the three groups. 
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,90 In 1985, Dunn proposed that the "S" shape of the curve was not important between 
28 weeks' gestation and 18 weeks' postnatal age, and suggested that the flattening of 
growth rate seen on other graphs was an artiflcial constraint of fetal growth and that. 
for practical purposes, potential growth velocity during this period was constant. He 
did, however, acknowledge, that information should be collected on different 
populations to discover how they relate to the reference standard he proposed. 
A year later, support for this linear growth rate hypothesis was provided from a study 
of 3888 singleton Scandinavian births^', not complicated by diabetes or severe blood 
group incompatibilities, where uUrasound examinafion by 16 to 18 weeks had judged 
the veracity of gestational age. 
A 1987 examination of babies born at the Prince of Wales Hospital in Hong Kong*^ " 
showed mean birthweight to be increased with matemal age and matemal height after 
36 weeks gestation, maternal parity after 35 weeks gestation, and fetal male sex after 
38 weeks gestation. 
In attempting to define growth-restricted from non-growth-restricted babies, 355 
singleton neonates were prospectively studied within 24-36 hours of birth ''. Low 
Ponderal Index ([weight in gm/(length in cm) ] x 100) and low midarm circumference 
to head circumference ratio were found to be better predictors of neonatal morbidity 
(defined as operative delivery for fetal distress, 5-minute .Apgar score <7, meconium 
aspirafion, polycythaemia or hypoglycaemia) than birthweight (54.5% vs 15.2%). 
A 1988 paper reviewed data from all singleton births at the Mater Misericordiae 
Mother's Hospital Brisbane during an 11 year period'"*, excluding all stillbirths and all 
neonatal deaths associated with congenital anomalies. 60,862 cases were analysed 
where a confident gestational assessment was possible by certain menstrual dates and 
eariy antenatal examination or by ultrasound examination in the first or second 
trimester. The author questioned the use of such a "cross-sectional" chart to define 
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small-for-gestational-age (SGA) babies as the only ones to have suffered intra-uterine 
growth retardation, due to the wide "normal" 10'*" to 90"" centile range. He suggested 
longitudinal charts of ultrasound estimates of fetal growth as a more useful tool for 
obstetric care. 
2058 consecutive births were studied and reported in 1991^^ comparing birthweight 
for gestational age in relation to the 10th percentile and ponderal index with caesarean 
section delivery and fetal distress. The relationship between caesarean section 
delivery and fetal distress and ponderal index was closer than that with birthweight 
for gestational age. There was no attempt to look at the indication for caesarean 
section, or whether or not the procedure was performed electively or as an emergency. 
A 1991 Michigan study of 14766 uncomplicated singleton births'^ compared the 
birthweight-gestation mean and 10th percentile with the published data of Brenner. 
Edelman and Hendricks , and showed significant differences in the two population 
criteria (particularly below the 10th percentile). This prompted a suggestion that 
birthweight standards should be developed for each population being studied. 
Another 1991 report analysed anthropometric data from 999 neonates of at least 32 
weeks gestation . The data was analysed by multiple regression analysis, and poor 
correlation was found between the neonatal ponderal index and the fetal head 
circumference/abdominal circumference ratio. The authors concluded that, as the 
paediatricians used ponderal index as a measure of neonatal wasting, obstetricians 
should abandon fetal head circumference to abdominal circumference ratio 
measurement as a measure of intrauterine malnutrition. They did not discuss the 
possibility that ponderal index could be an inaccurate marker of neonatal wasting. 
The same year, birthweights in babies with Chinese parentage in China, Taiwan and 
America were compared . Similar birthweight distributions were found in the three 
countries. The incidence of low birthweight and the range of birthweights differed 
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significantly depending upon the number of Chinese and white parents that the baby 
had, suggesting race-specific influences on birthweight distribution. 
In 1992 an international collaborative group developed a computer algorithm 
designed to produce individualised birthweight cenfile charts for each woman'^ based 
on matemal weight at first antenatal visit, maternal height, maternal ethnic group and 
parity. Using such individualised charts they demonstrated significant mis-
classification of small-for-gestafion age and large-for-gestational age babies, and the>-
pointed out that low birthweight babies in ethnic groups with lower birthweight 
means would be expected to have a better rate of survival amongst all low birthweight 
babies. They suggested that constructing an individualised curve from an 18 to 19 
week scan would allow a subsequent 3'"'^  trimester scan for either screening or clinical 
indications to lead to plotting of estimated fetal weights which were easier to 
interpret. They suggested "The effect of customised growth charts on clinical practice 
and outcome needs evaluation in prospective controlled studies". 
In a 1993 report'°°, Wilcox and others studied 41,718 ultrasound dated singleton 
pregnancies. Like Durm '. these authors suggested that the birthweight-gestation 
curve was more linear in late pregnancy than suggested by previous studies, and 
showed that ethnic origin was a significant factor in determining birthweight (Indo-
Pakistani babies being up to 200gm lighter than European babies). 
In the same year, Wilcox and another group of authors'°', examined computerised 
obstetric records of 31,561 women with gestafional age verified by early pregnancy 
ultrasound. They derived a cross-sectional birthweight-for-gestation chart from this 
data which showed an almost linear relationship between birthweight and gestation-
at-delivery which continued beyond 40 completed weeks. These findings, again, 
challenged the flattening found beyond 40 weeks by other workers. They developed a 
set of regression coefficients for variables thought to effect birth weight (gestation, 
maternal weight at booking, fetal sex, maternal height, maternal ethnic group and 
185 
Chapter 9 Literature review 
matemal parity) and developed a computer model to assess the birthweight that would 
be expected in an individual pregnancy. The mean birthweight that may be expected 
was called the potential birthweight, and they found that 41% of babies previously 
described as growth-retarded were redefined as normal, and a smaller number of 
babies previously designated normal were redefined as growth-retarded. They 
believed that this model allowed a more logically diagnosis of abnormal and normal 
intra-uterine fetal growth. 
A 1994 review article'"^ emphasised the flaw in assuming that all babies less than the 
10th percentile weight-for-age (SGA - small for gestational age) are growth retarded; 
10% of normal babies must, by definition, be below the lO"^  percenfile weight-for-
age. It suggests the use of anthropometric measurements such as ponderal index, 
midarm circumference to head circumference ratio (MAC:HC), and triceps skinfold 
thickness, as well as birthweight, in assessing the newborn nutrition status. 
A 1994 study'°^ compared weight for gestation in 21.288 Chinese, 11,882 Japanese 
and 65.818 white American singleton livebirths. The gestational age-specific 
birthweights in the Chinese and Japanese Americans were similar, but lower than 
those of the white Americans by 4% to 6%. 
Building on earlier work published in 1992^ , a 1995 paper'^ "^ reported a study of 
38114 singleton ultrasound-dated pregnancies with the development of individually 
adjusted fetal weight standard curves on the basis of first visit pregnancy variables. 
The authors suggested that such charts could be developed for each pregnancy and 
used for fetal surveillance. They showed that maternal weight, height, ethnicity, parity 
and smoking, as well as gestational age and fetal sex, all have independent and 
significant effects on fetal weight. 
Also in 1995, Brooks and others reported on data from 62 cases of ovum donation'°^, 
to examine possible genetic influences on birthweight. The only significant 
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relationship found in relation to birthweight for gestation was between birthweight 
and recipient's weight. There was no signiflcant relationship with donor's weight, 
birthweight of donor, or birthweight of the donor's own children. The authors 
concluded "...that the environment provided by the human mother is more important 
than her genetic contribution to birthweight." 
Another study published in 1995 reviewed reference curves of stature and weight for 
Brifish children , as there had been increasing concem developing in the medical 
community that the current reference curves, developed a decade or more previously, 
where no longer valid. Data from seven sources were used and the relationship 
between age and height and age and weight proved to be significantly different to the 
previous UK reference curves. These curves showed a significant increase in both 
height and weight, compared with the data before 1966. The curves were constructed 
only for Caucasian individuals as there was thought to be insufficient material for 
construction of non-Caucasian curves. 
Spencer and others published a serial ultrasound study of fetal growth in Bangladeshi 
pregnancies in 1995'°^ They showed that, although the mean abdominal 
circumference and estimated fetal weight of the Bangladeshi fetuses were smaller 
than those of Anglo-Saxon fetuses their growth rates at 28, 32 and 36 weeks gestation 
were similar. 
Support for generafional change is found in a study, published in 1996, which 
compared birthweight data from 1950 to 1990 in the State of Illinois'°l A subset of 
births for which two successive generations were bom in lllinios were analysed. The 
normal distribution (Gaussian) curve was found to have shifted to the right in both 
black and white populations, maintaining approximately the same differenfial (23Og -
256g) over the period. However, the lower birthweight end of the curve had not 
moved similarly for blacks and whites - the very low birthweight infants 
(>1500grams) increased by 56 percent for blacks but fell by 6 percent for whites. The 
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births for which two successive generations were bom in lllinios were analysed. The 
normal distribution (Gaussian) curve was found to have shifted to the right in both 
black and white populations, maintaining approximately the same differential (23Og -
256g) over the period. However, the lower birthweight end of the curve had not 
moved similarly for blacks and whites - the very low birthweight infants 
(>1500grams) increased by 56 percent for blacks but fell by 6 percent for whites. The 
increase in mean birthweight was attributed to the result of better nutrition in the 
community and better health care during pregnancy. The differences in the 
incidences of very low birthweight birth were not ascribed a possible cause. 
A 1997 commentary'°' begins by recognising that growth retarded fetuses are 
susceptible to hypoxia and fetal distress with long term handicap and fetal death as 
possible consequences. It notes that antenatal clinical suspicion of a small-for-
gestational age fetus only identifies 10 to 50 percent of such cases. In many cases, a 
fetus failing to reach its growth potential may still exceed the standard 10th centile, 
and therefore not be identified at all in the small for gestational age group. In the 
authors opinion, all pregnancies should be screened with serial symphysio-fundal 
height measurements, complemented by ultrasound fetal biometry if poor growth is 
suspected. The author's commented on the development of individualised growth 
charts based on accurate early ultrasound dating, and various obstetric and 
epidemiological aspects of the mother (eg ethnicity, matemal height and weight, birth 
order, etc), and reinforced the need for prospective studies to see if growth 
retardation, as defined by these customised charts, more clearly identified fetuses at 
actual risk compared with those identified by population charts. 
Recently, matemal data from 1564 Chinese women in Hong Kong was examined"^, 
by multiple regression analysis, and a customised ideal birthweight was developed for 
each baby. Comparison of this ideal birthweight with actual birthweight identified 
fewer babies with birthweights below the lO"^  centile or above the 90"^  centile than 
was the case when population based standards were used. 
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RISKS FOR, AND CONSEQUENCES OF, POOR FETAL GROWTH 
The early history of the recognition of risk factors for poor fetal outcome has been 
detailed in chapter 4. These factors include social determinants (socio-economic 
status and matemal age), past medical and obstetric history (birth interval, parity, 
history of infertility, previous stillbirth or infant death, diabetes and smoking), factors 
complicafing the current pregnancy (multiple pregnancy, pregnancy induced 
hypertension, placental abnormalifies, urinary tract infection, vaginal bleeding in 
pregnancy, cervical incompetence, polyhydramnios and the absence of antenatal care) 
and factors complicating the labour (preterm labour, prolonged or abnormally short 
labour and breech presentation). 
In 1985 a Swedish study examined a group of 636 women considered at high risk 
of intrauterine growth restriction. They found that smoking more than 10 cigarettes 
per day was the most that influential factor studied which reduced standardised birth 
weight. Though maternal age, in itself had no effect on standardised birth weight the 
effects of smoking were more marked with increasing matemal age. 
In a 1989 paper, 1513 white women booking for delivery in London were studied ". 
Birth weight for gestation, adjusted for maternal height, parity and infant sex. 
Statistically, smoking was the most important single factor leading to reduction in 
gestationally-corrected birth-weight; passive smoking was not significant. Alcohol 
had an effect in smokers only, once smoking had been controlled for. Socio-
economic and stress factors were no longer significant once smoking was controlled 
for. 
In 1990, Villa and others"^ reported a prospecfive study of 16,850 pregnant women 
in Guatemala in the mid-1980's. Those babies bom less than the 10 centile 
birthweight- for-gestation and 36 weeks or more in gestation into four groups 
depending on the relationship between ponderal index and gestational age. They 
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showed that those babies with a low ponderal index for gestation had a higher risk of 
low Apgar scores, aspiration syndrome, hypoglycaemia and perinatal asphyxia than 
babies with a normal ponderal index for gestation. They commented that similar 
higher neonatal morbidity was observed amongst infants with normal birth weights 
but low ponderal indices. They concluded that this lends support to the importance of 
early antenatal identificafion of intra-uterine growth restricfion. 
A 1992 publication"'' started with the premise that small-for-gestational age (SGA) 
and intra-uterine growth restriction (lUGR) were not inter-changeable terms, and that 
perinatal morbidity should be assessed by growth pattem rather than by cenfile 
birthweight. It was a retrospective study of 197 unselected women with singleton 
cephalic pregnancies who gave birth in London in 1989 and 1990. They showed that, 
where the actual birthweight was more than 5% less than the birthweight estimated 
from ultrasound scanning in the early 3*^  trimester, there was an increased risk of 
CTG abnormalities and an increased need for operative delivery, when compared with 
the rest of the group. The 44 babies selected as being the smallest-for-gestational age, 
without reference to their growth pattem, had a similar excess morbidity. This group 
concluded that the fetal growth pattern in-utero is as important for perinatal outcome 
as being small for gestational age per se. 
A 1995 paper examined moderate consumption of alcohol in 1233 women with 
singleton live births"'. A weighted average of amount consumed during the first 20 
weeks was calculated for alcohol, smoking and caffeine. The incidence of low 
birthweight was doubled in women who consumed 3 or more drinks per week, and 
smokers had a stronger alcohol to low birthweight association than non-smokers. 
Women who both smoked and drank alcohol had a rate of low birthweight of 30%. 
When term births only were examined there was still a weight decrement for 
moderate alcohol consumption of 103 grams (95% C.I. 225, 19), with that decrement 
increasing to 228 grams (95%) C.l. 415, 41) where the women continued to drink three 
or more drinks per week throughout the first trimester of pregnancy. The authors 
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believed that this ruled out the low birthweight as being an effect of prematurity. The 
prevalence of low birthweight below 10^ '^  and 5'^ centiles for gestafion was increased 
among infants of women consuming 3-5 drinks per week, but did not show any 
additional rise over 6 or more drinks per week. The alcohol to small-for-gestafional 
age association was stronger in non-smokers than smokers. There was also an 
increased incidence of preterm birth with increasing alcohol consumpfion from 14°/o 
overall to 24% among women drinking most days: the confidence intervals for these 
odds ratios were wide 
In 1996, Mongelli"^ reported that matemal lean body mass (LBM) at booking was 
found, in a study of 511 London women who booked at or before 12 weeks 
pregnancy, to be more important than maternal weight, height, smoking, parity, 
gestational age and fetal sex in determining birth-weight to gestation percentiles. 
LBM(kg) = booking weight x (100-BF%)/100, where BF% = 1.20 x BMI + 0.23 x 
age -5.3, and BMI = weight(kg)/height(m) . The author suggested that this meant that 
the effect of matemal size on birthweight was mediated more through constitutional 
and genetic factors rather than nutrition. 
A retrospective study, also published in 1996, of women enrolled for care in the south 
of the USA from 1985 to 1988"'' examined the relationship between various 
demographic, behavioural, housing, psychosocial and medical characteristics of the 
woman with outcome (birthweight, gestational age. fetal growth restriction, preterm 
delivery and low birthweight). White infants were heavier and born later than black 
infants. Apart from race only maternal height, weight, blood pressure, diabetes and 
smoking had a consistent impact on outcome. The poorer outcome for black women 
was not explained on the basis of factors examined. 
In the mid-1990's, Professor J.P.Barker and colleagues from the University of 
Southampton came to prominence, after publishing a series of papers and 
monographs"^ " ' '^ ° ' ' ' leading to much interest in the so-called "fetal origins of 
191 
Chapter 9 Literature review 
adult disease theory" (the "Barker hypothesis"). This theory revolves around the 
hypothesis that the well-being of the baby in utero and in infancy influence the 
disease that that individual will develop in adult life. Barker and his colleagues had 
access to a very detailed set of birth and infant health records which had been kept in 
Hertfordshire, UK, from 1911 to 1930 and was able to link these records to 16,000 
men and women in the National Health Service Central Register at Southport. They 
found that babies bom with evidence of poor fetal nutrition (such as a low ponderal 
index, reduced abdominal circumference) were more likely, during their life, to 
develop hypertension, disordered glucose and insulin metabolism, disturbed liver 
function with altered cholesterol metabolism and blood clotting, and to die of 
coronary heart disease. Confounding variables do not explain these statistically strong 
associations. The hypothesis proposes that fetal adaptations to undernutrition tend to 
have long-term or permanent consequences: 
• poor fetal and early infant growth, related to poor nutrition in that period, is 
detrimental to the mechanisms that maintain carbohydrate tolerance. 
• blood pressure is programmed by lack of, or poor, fetal nutrition. 
• impaired fetal liver development during late gestation may program higher plasma 
concentrations of total and LDL cholesterol, fibrinogen and factor VII in adult 
life. 
1996 saw the publication of a Swedish study of data from 4584 diabefic children'"^ 
(and three random controls for each diabetic child) which showed that there was a 
clear relationship between the development of childhood diabetes mellitus and the 
birthweight of that baby. After accounting for matemal age, parity, smoking and 
matemal diabetes, children who were large-for-gestational age babies had an odds 
rafion of 1.20 (1.02, 1.42) for the development of childhood diabetes mellitus and 
those who were small-for-gestational age babies had an odds rafio of 0.81 (0.65, 0.99) 
for the same outcome. 
192 
Chapter 9 Literature review 
In 1997, a prospecfive study of 1150 pregnant women receiving antenatal care at 
clinics in North York and Chicago between December 1987 and December 1989 '^ ^ 
assessed previously described and new risk factors for low birthweight by mulfiple 
regression analysis. Previously described factors that were confirmed as having an 
effect were ethnic group, matemal age, smoking during pregnancy and body mass 
index. Marital status, educational level, degree of poverty and type of health 
insurance were not confirmed as risk factors. New risk factors confirmed were living 
in public housing, a feeling of helplessness in controlling one's destiny, and stable 
housing. 
Also in 1997, a retrospective study of data on 10,883 subjects who were bom in 
Jerusalem during the period 1974 to 1976 ""^  and subsequently drafted to the army 
utilised data from a computerised database that was originally developed to look at 
oral contraceptive use and other perinatal matters. Systolic and diastolic blood 
pressures of 17 year olds were correlated with their birthweight, size at birth, 
mother's body mass index and weight gain during pregnancy, and the height and 
weight of the individual at the age of 17. Whilst there was significant positive 
correlafion between weight, height, body mass index at age 17, mother's body weight 
and body mass index before pregnancy and systolic and diastolic blood pressures, 
there was no correlafion between birthweight or mother's weight gain in pregnancy 
and systolic and diastolic blood pressures. 
Basso and others published a retrospective study in 1997'^ "^  which examined 11,069 
Danish women who had a low birth weight infant (less than 2,500 grams) and a 
subsequent live bom infant. They were compared with a random sample of the 
populafion who gave birth to an infant above 2500 grams and to a subsequent live 
bom infant. Women with a previous low birth weight infant were at a significantly 
higher risk of having a subsequent low birth weight infant (approximately 6 fold 
increase). Any decline in social status between births increased the absolute risk of 
having a low birth weight infant by approximately 5% in both cohorts. It was 
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therefore concluded that a previous low birth weight infant and decline in social status 
were both strong risk factors for subsequent birth of a low birth weight infant. 
A 1997 publication, regarding 2714 singleton live births at Yale-New Haven 
Hospital'-', sought to answer the question of whether low-to-moderate drinking 
during pregnancy had other adverse perinatal outcomes than the fetal alcohol 
syndrome seen with heavy drinking during pregnancy. The results appear to show 
that mild drinking (less than 0.10-0.25 oz of absolute alcohol per day) in eariy 
pregnancy was protective against intrauterine growth restriction, whilst consumption 
of more than 1.00 oz of absolute alcohol per day showed an increased risk of growth 
restriction. Alcohol consumption in late pregnancy showed an increase in the risk of 
preterm birth. 
A study from the Danish population register examined pregnancies between 1974 and 
1989 was published in 1997 . Approximately 25% of the children of women who 
themselves were bom small-for-gestational age were small-for-gestational age, whilst 
only 11% of the children of non-small-for-gestational age women were small-for-
gestational age. 11%) of children of preterm women were preterm themselves, 
compared with 7% of the children of women born at term. These authors concluded 
that intra uterine growth restriction in the mother was a risk factor for intra uterine 
growth restriction in baby, and preterm birth of the mother was a risk factor (though 
not as strong) for preterm birth in the child. These risks did not cross over. 
Again in 1997, a study of 4,300 Danish conscripts born between 1973 and 1975 
linked cognitive function (measured by mean Boerge Prien test scores) with birth 
weight . Birth weight data was retrieved from midwife data notification forms. 
After adjusting for gestational age, length at birth, maternal age and parity a positive 
correlation was found between cognitive function and birth weight. Mean scores 
increased from 39.9 at birthweight of less than or equal to 2,500 grams to 44.6 at a 
birthweight of 4,200 grams. There was a slight test score decrease over 4,200 grams. 
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The authors postulated that interference with fetal growth may influence adult 
cognitive function. 
Another 1997 paper reported a study, based on the nurses' health study of 121,701 
women who have been followed up since 1976, which examined retrospective self 
report of birthweight in relationship to the development of non-fatal adult 
cardiovascular disease in women '*^ . There was an inverse trend between relationship 
between birthweight and adult coronary heart disease and stroke, with a relative risk 
of 1.49 (95%) confidence intervals 1.04 - 2.01) for birthweight less than 2,268 grams 
(5 pound 0 ounces) to 0.68 (0.46 - 1.00) for birthweight greater than 4,536 grams 
(greater than 10 pound 0 ounces). The P value for this trend was 0.0004. 
1997 also saw the publication of a study from the WHO's collaborative research 
centre , which examined 591 children at a mean age of 7 years, whose mothers had 
taken part in a randomised controlled trial of calcium supplementation during 
pregnancy. The children of mothers who took calcium supplementation had lower 
systolic blood pressures than those children of mothers who took a placebo. This 
effect was most marked in children with higher BMIs. Interestingly, the mothers who 
took calcium had lower mean diastolic blood pressures at this follow-up assessment. 
Lithell and colleagues, in 1998, published details of the follow up of 14,611 babies 
delivered at Uppsala Academic Hospital Sweden in the period 1915-1929'^^ 97% 
follow-up was achieved. The incidence of cardiovascular disease showed an inverse 
associated with birth weight for both men and women though this was significant for 
only men. When birthweight per se and birth weight for gestational age were 
included in the same model the association with birth weight strengthened but the 
association with birth weight for gestational age was removed. The authors 
concluded that this "....strongly suggests that it is variafion in fetal growth rate rather 
than size at birth that is aetiologically important." 
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322 of 829 traceable survivors of 2,232 singleton births in Sheffied between 1922 and 
1926 were studied'^'. Assessment of atherosclerosis was undertaken by the use of 
duplex ultrasonographic examination of the extracranial parts of the carotid arteries 
and by the ankle-brachial-pressure index. The authors found that the prevalence and 
severity of carotid and lower limb atherosclerosis disease was greatest in those with 
lowest recorded birth weights, that was only stafistically significant in the case of 
carotid disease. The authors concluded that an increased risk of atherogenesis maybe 
one mechanism meditating the observed link between impaired fetal growth and 
cardiovascular disease. 
A 1998 paper in the British Joumal of Obstetrics and Gynaecology'^^ reported on a 
study of 96,662 live born singleton infants to nulliparous women in Sweden. This 
study examined risk factors for small-for-gestational age infants and found that 
maternal age over 30 was most important as a risk factor for small-for-gestational age 
births, with that risk increasing as maternal height decreased. Smoking, short medical 
education, pre-eclampsia and essential hypertension were the other risk factors 
showing clear risks of small-for-gestational age birth. Neonatal and post-neonatal 
mortality rates were consistently higher among preterm small-for-gestational age 
infants when compared with appropriate-for-gestational age infants. 
In 1999, a longitudinal study of twins born in Dunedin, New Zealand in 1972-1973 
challenged the fetal origins of adult disease concept'^'. Twins, with lower birth 
weights than singletons, had lower systolic blood pressure at ages 9 and 18. This 
study, also, found that the children of mothers who smoked during pregnancy had 
higher blood pressures. The authors felt that these findings were inconsistent with the 
"Barker hypothesis", though they did not suggest that twin pregnancies may be 
physiologically different to singletons. 
Another 1999 paper detailed the study of 173,205 singleton infants born alive to 
muhiparous women in Utah from 1989 to 1996 , and examined 16 potential 
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confounding maternal reproductive risk factors. After controlling for all other 
potenfial confounding risk factors, both short and long pregnancies intervals remained 
associated with adverse perinatal outcome (low birth weight, preterm birth, and small 
for gestational age birth). Other risk factors shown to be significant were low 
matemal age, death of a previous live bom child, suboptimal prenatal care, low 
educafional level, tobacco use, nonwhite or Hispanic ethnicity, and not being married. 
A 1999 paper from the University of Texas'"' examined 122.754 live born singleton 
infants without malformation and with gestational age of 24 weeks or more. In the 
infants who were born at term and whose birthweight centile was at, or below, the 
75 centile, the rate of neonatal death progressively increased as the birthweight 
dropped through the centiles - neonatal death rate of 0.03% in the group 26-75 '^' 
centile-for-weight, compared with 0.3% for those with birthweights was at or below 
the 3"^  centile. The incidence of low Apgar scores, fetal acidosis, the requirement for 
intubation at birth, seizures during the first day of life, and sepsis in the newborn 
period were all significantly increased among term infants with birth weights at or 
below the 3'^ '' centile. 
ULTR.4SOUND STANDARDS AND ACCURAC\ IN FETAL GESTATION 
AND GROWTH 
In 1969, Campbell'^'* published a study of 471 observations of biparietal diameter in 
170 pregnancies between 20 and 30 weeks gestation, showing that the values fell 
within a narrow range for gestation. He suggested that this measurement would be 
useful as a predictor of fetal maturity. 
Sabbagha and others'^' reported, in 1974, on 744 biparietal diameter measurements 
(number of patients not specified) made on fetuses where the gestational age was 
'reasonably' certain, and recommended ultrasound 'dating' of all high risk pregnancies 
in the second trimester. 
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The next year Robinson and Fleming '^ ^ detailed a series of in vivo and in vitro 
studies which validated the crown-rump length fetal measurement in predicting 
gestation between 6 and 14 weeks to within 4.7 days with a 95%) probability on the 
basis of a single measurement, and to within 2.7 days if three independent 
measurements were made. 
In 1977 Warsoff and others'^^ detailed ultrasound measurements of 85 fetuses ranging 
from 17 to 41 weeks gestafion within 48 hours of delivery. Subsequent stafisfical 
analysis showed that the best linear regression available to predict fetal weight from 
ultrasound measurements was a logarithmic function of abdominal circumstance and 
biparietal diameter, with a standard deviation of 106 grams per kilogram of fetal 
weight. Tables were prepared to allow readers to read off the estimated fetal weight 
directly. 
Chapman and others from Flinders Medical Centre, South Australia, calculated 
their own normal gestational range for biparietal diameter as they felt that the range in 
use in their institution (Campbell and Newman) was underestimating gestation, for 
their population. They recommended that this practice - that of each institution 
determining its own normal range - should become widespread. 
A 1981 study of a cosmopolitan group of fetuses in New Zealand''^' showed that 
those of a "polynesian" background had biparietal diameters 1.89 mm larger at any 
given gestation than their Caucasian counterparts (equivalent to approximately plus or 
minus three days prior to eighteen weeks). 
In a 1982 paper, Shepard and others reviewed the earlier formula for deriving fetal 
weight, published by Warsof et al in 1977, and a more recently derived formula. It 
was found that the first formula was likely to under-estimate fetal weight. The second 
formula, also involving biparietal diameter and abdominal circumference, was shown 
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to provide a better balance between over estimation and under estimafion. Again, 
tables for direct reading of estimated fetal weight were published. 
1984 saw a small randomised study of 510 of 1009 women who received ultrasound 
examinafions at 19 and 32 weeks gestation''*', in addition to standard antenatal care. 
Marginal benefits only (improved identificafion of twins and of intrauterine growth 
retardation) were identified, and no detrimental effects were noted. Larger 
randomised studies were called for. 
Hadlock and others, in a 1985 paper and a previous report in 1984, assessed a 
formula utilising head size, abdominal size and femur length measurements. It was 
suggested that this model was more accurate than models using only head and body 
measurements. 
2482 of 4997 Swedish women''*"' were randomly selected for a 15 week screeing 
ultrasound scan. Labour was less often induced in the screened group, and mean 
birthweight was higher. The authors theorised that these effects were due to more 
accurate dating. 
A 1989 study'"*"* produced a BPD (biparietal diameter) measurement table based on 
ultrasound studies of 719 public and private patients in Melbourne who had had CRL 
(crown-rump length measurement) dating in the first twelve weeks of their pregnancy. 
ft showed gestational age to be predicted by BPD to within plus or minus 7 days until 
16 weeks, and plus or minus 10 days until 20 weeks. 
A 1992 commentary in the British Joumal of Obstetrics and Gynaecology'^' 
discussed the ftindamental relationship between the esfimafion of gestation and 
management of numerous clinical aspects of pregnancy, and recommended biparietal 
diameter measurement (plus or minus femur length, abdominal circumference and 
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head circumference) targeted at women with long or irregular cycles (and, by 
implicafion, women who did not know the date of their last menstrual period). 
In 1993 a group from University College Hospital, London, serially studied the 
growth of 67 Caucasian fetuses'""', with the aim of deriving reference standards for 
abdominal circumference and estimated fetal weight. Measurements from the 67 
individual fetuses were converted into 67 individual growth curves by a quadratic 
model [log,Q(AC) = a + b(GA) + c(GA)^ and log,Q(EFW) = a + b(GA) + c(GA) , 
where AC is abdominal circumference, EFW is estimated fetal weight and GA is 
gestational age], and values for log,Q(AC) and logjQ(EFW) were then extrapolated at 
various exact gestational ages. The mean and standard deviafions of the resulting 
extrapolated logarithmic values were then used to derive centile ranges for abdominal 
circumference and for estimated fetal weight. 
Altman and Chitty and others, in four contemporaneous 1994 articles 
described their criteria for an ultrasound study of fetal size to be considered 
statistically appropriate, and made a distinction between charts of fetal size 
(developed from cross-sectional data) and charts of fetal growth (developed from 
longitudinal data). They measured 663 fetuses at one random gestational point during 
the pregnancy, to subsequently prepare centile charts of head, abdomen and femur 
size. Their study was dependent on the women knowing their menstrual gestation, 
and excluded fetuses subsequently found to have a congenital anomaly and fetuses of 
mothers with diabetes mellitus or chronic renal disease or any other disease deemed 
to affect fetal growth. 
A study of 226 low-risk pregnancies in Nottingham, U.K.'" (94.7%) European, 4.0%) 
Indo- Pakistani) examined them longitudinally by serial ultrasound examination 
(biparietal diameter [BPD]. abdominal circumference [AC], femur length [FL], and 
estimated fetal weight [EFW] using a modified Hadlock's formula). Individual fetal 
weight curves were determined for every baby, and a log-polynomial model was used 
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to model these curves. Overall, fetal growth showed an almost linear relafionship 
between gestafional age and fetal weight, with fetal sex and matemal weight, height, 
parity, smoking and race showing variation in late pregnancy. 
355 pregnancy records of women in Essex, U.K. who had had routine ultrasound 
dafing by biparietal measurement in the second trimester were retrospecfively 
examined"-. The authors found the mean gestation at birth to be 279.7 days plus or 
minus 7.4 days (mean +/- SD). They found that menstrual dating tended to 
overestimate gestafion, resulfing in a significant number of women being treated as 
post-term who were not really post-term. Cases excluded from the study included all 
women having multiple pregnancies, elective deliveries (except those where 
inducfion of labour was for post-term) and preterm births (less than 37 weeks). 
In a 1996 paper ' , 31.968 computerised files of singleton pregnancies ending at 37 
weeks gestation or more in the East Midlands of the U.K. were retrospectively 
examined to compare "certain" menstrual dates and ultrasound biometry for their 
accuracy in predicting the date of birth. Ultrasound proved more reliable than 
"certain" menstrual dates in predicting the date of birth (55.2°o cf 49.5% to predict 
plus or minus 7 days. 70.3% cf 64.1% to predict plus or minus 10 days). On an 
ultrasound basis, 99% of babies had been born by 42 weeks and 2 days (cf 44 weeks 
5 days on "certain" menstrual dates basis). There appeared to have been no attempt, in 
this study, to separate out those births that occurred after elective intervention. 
In 1996 the Cochrane Library review of the value of routine ultrasound screening of 
pregnancies''"* eight suitable randomised controlled trials of the use of routine 
ultrasound screening prior to 24 weeks gestation were examined. Earlier detection of 
multiple pregnancy and reduced rates of induction of labour for 'post-term' pregnancy 
were shown, though this did not translate into an improvement in pregnancy outcome. 
In those trials which specifically aimed to detect fetal anomalies by ensuring the 
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quality and experience of the examiner was high, an increase in the number of 
terminations of pregnancy for fetal anomaly was shown. 
A 1998 prospective study of 238 IVF conceived pregnancies'" showed that ultrasonic 
fetal biometry from 14 to 22 weeks was accurate to plus or minus 3.35 days if head 
circumference, abdominal circumference and femur length were joinfiy used to 
determine gestation. 
In 1999, Crowther and colleagues from Adelaide published a randomised clinical trial 
of the efficacy of an ultrasound scan at the first antenatal visit'^^. This trial was in the 
setting of a tertiary obstetric hospital that, as a policy, offered all women 18-20 week 
scans. They found evidence of more precise understanding of gestational age in those 
women scanned at their first visit, with more optimal timing of the 18-20 week scan. 
They also reported that the women scanned at their first visit felt more positive about 
their pregnancy than the control group. In the setting of a policy of routine 118-20 
week ultrasound scans, the use of routine first visit scanning may not be cost-
effective. 
THE SAFETY OF ULTRASOUND IN PREGNANCY 
Neilson and others, in 1984, published a controlled trial of ultrasound monitoring of 
fetal growth in 877 low risk women'", by dual examinations at 24 weeks or less and 
at 34 to 36 weeks gestation. This technique correctly idenfified 94%) (31 of 33) of low 
birthweight babies (defined as babies bom less than the tenth centile weight for 
gestational age) and 90%o (763 of 844) of normal birthweight babies. The trial did not 
show any benefit from routine measurement of all low risk babies in this manner. No 
harmful effects on mother or baby were noted. 
Mothers of children who died of cancer, along with matched controls, were 
retrospectively examined, in another 1984 article, for obstetric ultrasound exposure'^^ 
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- no difference was found. Follow-up of 425 children exposed to ultrasound in-utero 
between 7 and 12 years of age'^^ showed no evidence of neurological difference to 
matched controls. A 1998 publication examined 149 sibling pairs of the same sex. 
where one member of the pair had been exposed to ultrasound in utero, who were 
followed for 6 years ' . No significant differences in growth (head circumference at 
birth, height and weight at 6 years) were found between those exposed to ultrasound 
and their non-exposed siblings. 
In a 1990 review of the literature regarding the safety of ultrasound'*'°. members of 
the Division of Matemal-Fetal Medicine at Yale University School of Medicine 
concluded that there was no confirmed biological effect of diagnostic ultrasound on 
women and their fetuses. Non-diagnostic ultrasound, at much higher intensities, has 
been shown to produce biologic effects (chromosomal aberrations, thermal change, 
cavitation). 
In the same year, a randomised control trial of 9310 women' ' compared a control 
group who had standard antenatal care and a screening group who had antenatal care 
plus a 16 to 20 weeks ultrasound. Screening ultrasounds were performed by 
ultrasound trained nurses with specialist medical supervision, and were particularly 
orientated to anomaly detection. Both groups had other ultrasound examinations as 
were clinical indicated. The screened women made stafistically significantly fewer 
visits to specialist antenatal clinics but made more use of basic matemal health care 
services. There was no difference in the incidence of induction of labour and no 
difference in the mean birthweights of the two groups. There was a significantly 
increased incidence of anomaly detection in the screened group with 40% of major 
fetal anomalies detected - this led to an increased incidence of termination of 
pregnancy for major fetal anomaly in the screened group, and a significantly lower 
perinatal mortality rate in the screened group (4.6/1000 vs 9.0/1000). All twin 
pregnancies were detected before the 21st gestational week in the screened group. 
There was no evidence of harm to the mother or her baby. 
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A London group randomised 2475 unselected women to receive Doppler ultrasound 
examination from 19 to 22 weeks gestation or standard antenatal care . They 
reported that meta-analysis of four previous studies of Doppler examination in high 
risk pregnancies showed that its' availability was associated with a reduction in the 
perinatal mortality rate in normally formed infants, but no other identifiable effects on 
pregnancy outcome measures. The reported study concluded that routine Doppler 
ultrasound in an unselected pregnant population was not helpful. No untoward effects 
were demonstrated. 
In 1993 a Westem Australian group compared 1415 women with singleton 
pregnancies who received five ultrasound examinafions (including ultrasound 
imaging and continuous-wave Doppler fiow studies) throughout pregnancy with 1419 
who received a single examination at 18 weeks gestation' . The data were derived 
from a study whose hypothesis was directed elsewhere ("that intensive use of 
ultrasound imaging and Doppler flow studies would improve pregnancy outcome 
expressed as days of neonatal stay and the rate of preterm birth"). They concluded that 
a program of frequent ultrasound imaging with Doppler flow studies between 18 and 
38 weeks gestation did not improve pregnancy outcome , as measured by parameters 
of neonatal welfare. There was an increased proportion of infants in the multiple 
ultrasound group whose birthweight was less than the tenth and the third centiles, 
with a reduction in mean birthweight of approximately 25 g. The authors suggested 
that the reduction in birthweight was due to frequent exposure to ultrasound, but 
curiously did not consider the possibility that the difference in exposure (or not) to 
continuous-wave Doppler was, at least, as plausible an explanation. 
A commentary, in the same joumal as the study above'^'*, pointed out the 
inconsistency between their conclusion and that of three other controlled trials on 
routine ultrasonography, and stated that "Clearly it is prudent to limit such 
examination to circumstances in which the information is likely to be useful." 
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The RADIUS trial (routine antenatal diagnostic imaging for ultrasound) which was a 
mulfi-centre study of pregnant women examining routine screening by practitioners 
with variable expertise at ultrasound was reported in 1993'^'. A randomised control 
trial was performed involving 15,151 pregnant work at low risk for perinatal 
problems. The women were randomised to ultrasonography only for medical 
indications in the control group, and routine ultrasound examinations at 15-22 weeks, 
and again at 31-35 weeks, in the study group. This article reported that the rates of 
adverse perinatal outcomes, the rate of preterm birth, and the distribution of 
birthweights were not statisfically different between the two groups. The 
ultrasonographic detection of congenital anomalies had no effect on perinatal 
outcomes. 
A second article regarding the RADIUS study examined the impact of two routine 
ultrasound examinations on matemal management and outcome'^^. It found no 
significant differences in maternal outcomes, with the rates of induced abortion, 
amniocentesis, tests of fetal welfare, external version, induction of labour, Caesarian 
Section, and the distribution of total hospital days being similar in the two groups. 
The use of tocolytic medications and the rate of post date pregnancies were both 
slightly lower in the screened group. 
2161 primary school infants, whose mothers had eariier taken part in randomised 
trials of routine ultrasound during pregnancy, were followed up regarding their speech 
development'^^ There was no evidence of delayed speech in the ultrasound-exposed 
children. 
A 1997 report from Uppsala, Sweden, followed up 3265 (71%) of 4637 eight to nine 
year old children who had been the subjects of a randomised controlled trial on 
ultrasound screening during pregnancy'^^ There was no stafisticalfy significant 
difference in hearing, vision impairment, or body weight and height at 1. 4 and 7 
years of age. 
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In 2000, a Swedish nafional population based prospective case-control study of all 
children bom and diagnosed as having leukaemia between 1973 and 1989 examined 
731 cases'^^. The risk of lymphatic and myeloid leukaemia was not influenced by 
either the number of ultrasound examinations or the gestation at which examination 
occurred. 
SYNTHESIS 
There is very little in the literature about Aboriginal growth and gestation, with a 
particular lack of information about North Queensland Aboriginals. All of the studies 
are retrospective and, in many cases, midwife data collections are the source. Midwife 
data collections suffer a major problem with gestational recording, as the midwife is 
not given the option of "not known" - a figure must be entered, and there is no 
notation of the degree of accuracy of this estimate (eg. based on ultrasound before 20 
weeks, based on certain dates, clinical "gestimate" on the appearance and weight of 
the baby at birth, etc.). 
There is agreement that birthweights are lower in Aboriginal pregnancies than in non-
Aboriginal pregnancies, but there is no agreement on the reasons for these lower 
birthweights. Many conclude that the low birthweights represent intrauterine growth 
restriction due to adverse effects of environmental and genetic factors on fetal growth. 
Low birthweight Aboriginal babies appear more likely to survive, suggesting to some 
authors that most of the Aboriginal babies weighing less than 2500g at birth were 
small for gestational age and more mature than suggested by their birthweight. Others 
conclude that the higher proportion of low birthweight Aboriginal babies (compared 
with Caucasian low birthweight babies) were small because they were born preterm 
rather than because they were babies subjected to intrauterine growth restriction. 
The high incidence of preterm labour seen in Aboriginal women, and the frequent 
lack of knowledge of accurate gestational age, makes it very difficult to know 
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whether the small Aboriginal babies so frequently seen are bom too early, growth 
restricted in utero, or both. Any future attempt to reduce the high incidence of low 
birthweight births in Aboriginal people should be directed at prospecfively proven 
cause(s). At the time of commencement of this study, no such prospective work had 
been published or was known of by the author. 
On a global basis, fetal growth has been studied more widely. Original weight-for-
gestation curves suggested a flattening of fetal growth near term, but this is disputed 
in later studies with better gestational assessment based upon eariy pregnancy 
ultrasound. The terms "small-for-gestational age" (SGA) and "intra-uterine growth 
restricfion" (lUGR) are not interchangeable; intra-uterine growth restriction should be 
restricted to those fetuses that do not reach their full growth potential, whether or not 
the actual birthweight is above or below a particular centile weight-for-gestation. The 
development of individualised "ideal" weight-for-gestation curves needs wide clinical 
assessment, but is a very promising approach to understanding which fetus is at risk 
of a poor outcome. There is some evidence of racial / ethnic variation in fetal growth, 
though influences on the intrauterine environment appear more important than 
genetics. 
A number of "risk factors" have been identified which have clear associations with 
the SGA fetus/newborn, including poor matemal nutrition (low BMI), tobacco use, 
low maternal age, and short pregnancy spacing. Though alcohol has been implicated 
in the "fetal alcohol" syndrome for some time, there is remarkably little in the 
literature regarding its possible effects on the incidence of SGA birth. 
The "Barker" fetal programming hypothesis strongly proposes that babies born small-
for-gestafional age are at risk of a number of the very adult diseases (hypertension, 
coronary artery disease, diabetes mellitus) which are causing significant mortality and 
morbidity burden on Aboriginal people. 
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There is clear evidence that ultrasound measurements of fetal parameters (preferably 
multiple parameters) will accurately "date" a pregnancy to within +/- ten days before 
twenty weeks gestation. Roufine use of ultrasound in pregnancy has not translated 
into improved fetal outcome, though reduced intervention is clearly seen in relation to 
"post-dates"" and multiple pregnancies are diagnosed earlier. Standard charts of the 
change in ultrasound biometry parameters with gestation can be developed in cross-
sectional or longitudinal manners. If these charts are to be used to monitor fetal 
growth it is more appropriate that they are collected longitudinally. 
In considering the safety of a research program involving up to five ultrasound 
examinations during pregnancy there is no evidence of harm, from diagnostic 
ultrasound examinations to mother or baby, in the literature. The one Western 
Australian study '^ which did suggest a slight reduction in birthweights for fetuses 
exposed to repeated ultrasound and Doppler examinafions was not a study designed to 
assess this matter, and its conclusion is not supported by other published studies. 
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RECRUITMENT 
Recruitment commenced in January 1997 and ceased in August 1999. The births 
subsequently occurred between June 1997 and January 2000. 
203 women (102 Aboriginal, 101 Caucasian) were recmited into the study. Five were 
not able to be fully followed up due to birth occurring elsewhere (1 Aboriginal, 4 
Caucasian), two miscarried (1 Aboriginal, 1 Caucasian), three were removed from the 
study as matemal conditions (such as diabetes) or fetal conditions (such as 
aneuploidy) were found which potentially affect fetal growth (3 .A.boriginal), and one 
was removed due to being inappropriately entered into the study after 20 weeks 
gestation (1 Aboriginal). Ninety-six valid cases remained for study in each group. 
During this period of time there were another 131 indigenous pregnancies in the 
communities concemed who were not considered for recruitment. 79 of these women 
were not considered as their gestation at first contact was in excess of 20 weeks 
gestation, 11 had medical conditions which potentially affect fetal growth, 5 had past 
obstetric histories which gave concem about potentially abnormal fetal growth, and 
the remaining 36 did not meet other study requirements (e.g. more than one 
grandparent of the fetus was not Aboriginal, planned to give birth at another hospital 
than Caims Base Hospital). No woman approached to take part in the study refused. 
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PATIENT CHARACTERISTICS 
Mothers 
The Aboriginal and Caucasian women are compared for age, weight, height, body 
mass index (BMI), gravidity, parity and obstetric risk score at first visit in table 10.1. 
The Aboriginal women, as a group, are seen to be younger, lighter and shorter than 
the Caucasian women, with higher gravidity, parity and risk scores. 
Table 10.1: Matemal demographics 
Maternal 
Characteristic 
Age (years) 
Weight (Kg) 
Height (m) 
BMI 
Gravidity 
Paritv 
Risk score 
Aboriginal (n=96) 
Mean (± S.D.) 
23.7(4.6) 
54.7(12.3) 
1.63(0.05) 
20.6 (4.4) 
2.97(1.69) 
1.59(1.50) 
6.30(4.16) 
Caucasian (n=96) 
Mean ± (S.D.) 
26.9(4.9) 
64.1 (14.1) 
1.65(0.06) 
23.5(4.6) 
2.35(1.28) 
0.73 (0.84) 
2.34(1.96) 
Statistical Evaluation 
Mann-Whitney 
20.06 df = 1 p < 0.005 
23.21 d f = l p < 0.005 
5.41 df = 1 p<0.05 
19.89 d f = l p < 0.005 
6.06 d f = l p<0.05 
17.19 df= 1 p< 0.005 
66.89 df = 1 p< 0.005 
Comparison of tobacco and alcohol use in the two groups is seen in table 10.2. The 
Aboriginal women were more likely than the Caucasian women to use tobacco and/or 
alcohol during pregnancy (especially tobacco use in excess of 10 cigarettes per day 
and/or consumption of more than two standard alcoholic drinks per day for at least 
five of every seven days). 
Table 10.2: Maternal tobacco and alcohol use (continued over page). 
Characteristic Yes No Chi square 
Cigarette smoking 
Aboriginal 
Caucasian 
61 
25 
35 
71 
27.30 df = 1 
p < 0.005 
Cigarette smoking > 10 per day 
Aboriginal 
Caucasian 
31 
12 
65 
84 
10.82 df = 1 
p < 0.005 
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Table 10.2 (confinued): Matemal tobacco and alcohol use. 
Alcohol use 
Aboriginal 
Caucasian 
37 
15 
59 
81 
12.77 df = 1 
p< 0.005 
Alcohol use > 2 standard drinks per 5 days 
Aboriginal 
Caucasian 
29 
1 
67 
95 
30.97 d f = l 
p< 0.005 
Newborns 
The Aboriginal neonates were, on average, almost 450 g smaller than their Caucasian 
counterparts (Table 10.3) and slightly shorter. Aboriginal neonatal head, abdomen and 
mid-arm circumferences were all smaller (mean measurements by 3.0%, 5.5% and 
3.5% respectively) and mean Ponderal indices and triceps skin fold thickness were 
lower (by 5.2%) and 9.3%). The ratios of head circumference to abdomen 
circumference and of head circumference to mid-arm circumference in the Aboriginal 
neonates were raised. 
The five-minute Apgar scores of the two groups of neonates were not significantly 
different to each other. 
The mean gestational ages of the two groups, at birth, differed by only 4 days, and the 
neonatal Dubowitz scores were not significantly different. Whilst the 4 day difference 
in gestafion is stafisfically significant it is of doubtftil clinical significance. Kaplan-
Meier analysis, testing for equality of survival distributions (in this case, the 
proportion of babies delivered in each group at a given gestation), is shown in Fig. 
10.1. Log rank analysis shows that the gestation-at-deliveiy distribution of the two 
groups is not significantly different (Log rank stafisfic = 3.39, df = 1, p = 0.065). 
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Table 10.3: Neonatal and gestational characteristics (*n=95 
Neonatal 
Characteristic 
Birthweight (g) 
Birth length (cm) 
Head 
circumference (mm) 
Abdominal 
circumference (mm) 
Mid-arm 
circumference (mm) 
Ponderal index 
Skin fold 
thickness (cm) 
Head:abdomen ratio 
Head:mid-arm ratio 
5 minute 
Apgar score 
Gestation (days) 
Dubowitz score 
Aboriginal 
(n=96) 
Mean (± S.D.) 
2977.1 (532.5) 
48.8 (2.5) 
337.5(17.2) 
310.1 (25.5) 
106.9(24.1) 
2.53 (0.25) 
4.9(0.8)* 
1.09 
3.16 
9.06(1.02) 
273.2 (14.0) 
53.0(6.7)^ 
Caucasian 
(n=96) 
Mean ± (S.D.) 
3424.6 (498.0) 
50.3 (2.0) 
348.0(14.8) 
328.2 (23.2) 
110.8(10.2) 
2.67 (0.29) 
5.4(1.0)' 
1.06 
3.14 
9.18(0.71) 
277.2(11.5) 
53.4(5.0)* 
, 'n=94, *n=93) 
Statistical Evaluation 
Mann-Whitney 
31.71 d f= l p = 0.000 
17.64 d f= l p = 0.000 
18.91 d f= l p = 0.000 
23.78 d f= l p = 0.000 
18.73 d f= l p = 0.000 
10.16 d f= l p = 0.001 
12.00 d f= l p = 0.001 
12.49 d f= l p = 0.000 
8.94 df = 1 p = 0.003 
0.001 d f= l p = 0.976 
4.87 d f= l p = 0.027 
0.000 df = 1 p = 0.989 
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Figure 10.1: Kaplan-Meier survival analysis of gestation at deUvery. 
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As it is possible that differences in intervention rates and gestations between the 
Aboriginal and Caucasian groups may have unevenly affected the gestational 
distribution between the two groups, only those pregnancies where labour and birth 
was spontaneous are examined in table 10.4 and figure 10.2. These data show no 
change in the significance of the differences seen between the entire groups. 
Table 10.4: Neonatal 
(*n=72, §n-73, V 7 5 ) 
and gestational characteristics - spontaneous birth only. 
Neonatal 
Characteristic 
Birthweight (g) 
Birth length (cm) 
Head 
circumference (mm) 
Abdominal 
circumference (mm) 
Mid-arm 
circumference (mm) 
Ponderal index 
Skin fold 
thickness (cm) 
Head:abdomen ratio 
Head:mid-arm ratio 
5 minute Apgar 
score 
Gestafion (days) 
Dubowitz score 
Aboriginal 
(n=76) 
Mean (± S.D.) 
3005.8 (544.7) 
49.0 (2.6) 
337.5(17.5) 
311.8(25.5)^ 
104.5 (10.7) 
2.53 (0.25) 
4.9 (0.8) 
1.09^ 
3.25 
9.05(1.06) 
274.3(14.3) 
53.8(6.3)^ 
Caucasian 
(n=74) 
Mean + (S.D.) 
3435.1 (485.6) 
50.5 (2.0) 
347.9(14.4) 
328.3(24.1)* 
110.7(10.2)* 
2.66(0.27) 
5.3 (0.9)* 
1.06* 
3.16* 
9.11 (0.71) 
278.8(10.2) 
53.6(4.8)* 
Statistical Evaluation 
Mann-Whitney 
22.03 df = 1 
13.24 df = 1 
14.26 df = 1 
14.51 df= 1 
14.30 df = 1 
6.52 df = 1 
6.77 df = 1 
6.73 df = 1 
7.41 df= 1 
0.42 df = 1 
4.36 df = 1 
0.54 df = 1 
p= 0.000 
p= 0.000 
p = 0.000 
p = 0.000 
p = 0.000 
p-0 .011 
p = 0.009 
p = 0.009 
p = 0.006 
p = 0.519 
p = 0.037 
p = 0.462 
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Figure 10.2: Kaplan-Meier survival analysis of gestation at deUvery (spontaneous 
births only). Log rank statistic = 2.83, df = 1, p = 0.092. 
Pregnancy outcomes 
The Aboriginal women had lower pregnancy outcome scores, though it was only the 
neonatal element of this score that was significantly lower than that for Caucasian 
pregnancies (table 10.5). 
Table 10.5: Pregnancy outcome scores. 
Pregnancy Outcome 
Score (PCS) 
Maternal PCS 
Neonatal PCS 
Total PCS 
Aboriginal 
(n=96) 
Mean (± S.D.) 
2.41 (0.67) 
2.68 (0.55) 
5.05 (0.98) 
Caucasian 
(n=96) 
Meant (S.D.) 
2.32 (0.73) 
2.82(0.41) 
5.16(0.91) 
Statistical Evaluation 
Mann-Whitney 
0.498 d f= l p= 0.481 
3.839 d f= l p= 0.050 
0.440 d f= l p = 0.507 
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BIRTHWEIGHT AND GESTATION 
Results 
Linear mulfiple regression analysis of the association between birthweight and factors 
which may affect it (table 10.6) shows that, apart from the expected relationship 
between gestation at birth and birthweight, the most influential factors reducing 
birthweight were Aboriginal ethnicity, low matemal body mass index, low matemal 
age, and alcohol use. 
Recalculation of this linear multiple regression analysis with substance use divided 
into high and low use (table 10.7) showed high alcohol use (more than 2 standard 
drinks of alcohol for at least five of each seven days) to be significant, and low 
alcohol use to not be significant; neither high tobacco use (more than 10 cigarettes per 
day) nor low use had a significant relationship to birthweight. 
Table 10.6: Linear multiple regression analysis of factors predicting birthweight. 
Factors predicting 
birthweight 
Gestation 
Aboriginality 
Matemal age 
Matemal BMI 
Matemal alcohol use 
Matemal tobacco use 
Gravidity 
Parity 
Obstetric risk score 
Regression 
coefficient (B) 
20.86 
-295.07 
-22.23 
21.15 
-185.44 
-87.02 
33.71 
9.85 
-7.89 
95% CT. 
16.25,25.47 
-460.95,-129.19 
-35.88.-8.57 
7.98,34.33 
-329.97, -40.90 
-223.05.49.01 
-39.49, 106.92 
-84.30, 104.01 
-28.33, 12.54 
Significance 
(P) 
0.000 
0.001 
0.002 
0.002 
0.012 
0.208 
0.365 
0.837 1 
. i 
0.447 
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Table 10.7: Linear multiple regression analysis of factors predicting birthweight, with 
substance use subdivided. 
Factors predicting 
birthweight 
Gestation 
Aboriginality 
Matemal age 
Matemal BMI 
Heavy alcohol use 
Heavy tobacco use 
Light alcohol use 
Light tobacco use 
Gravidity 
Parity 
Obstetric risk score 
Regression 
coefficient (B) 
20.46 
-279.88 
-23.36 
20.21 
-276.62 
-132.93 
-59.35 
-31.42 
33.82 
16.20 
-6.65 
95% C.L 
15.86,25.05 
-445.52,-114.24 
-37.10.-9.62 
7.07,33.35 
-463.88,-89.37 
-298.48,32.61 
-249.19, 130.49 
-188.27, 125.43 
-38.93, 106.56 
-77.43, 109.82 
-26.96, 13.67 
Significance 
(P) 
0.000 
0.001 
0.001 
0.003 
0.004 
0.115 
0.538 
0.693 
0.360 
0.733 
0.519 
Discussion 
This is the first published prospective ultrasound based study to assess the possible 
causes of low birthweight complicating Aboriginal pregnancies. It examines an 
appropriate sized cohort of women from four remote Aboriginal communities, 
compared with a reference group of Caucasian women from a large provincial city. 
The phenotypic and demographic differences between remote Aboriginal women and 
provincial Caucasian women are such that it is not possible to obtain a true control 
group of Caucasian women who were matched for these characteristics to the 
Aboriginal women. 
There is insufficient evidence to reject the null hypothesis (That the average gestation 
at birth and the incidence of preterm birth in Aboriginal people is the same as that in 
Caucasians). Although gestational age was the strongest predictor of birthweight, it is 
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clear from this study that prematurity is not the most significant cause of low 
birthweight birth in Aboriginal people. In fact, the Kaplan-.Meier survival analysis of 
the gestational distribution at birth and the comparable Dubowitz scores of the two 
groups of neonates both suggest that the mean gestational age difference of four days 
is not relevant. 
Aboriginal ethnicity remains an independent predictor of birthweight after accounting 
for other factors strongly associated with low birthweight outcomes, such as 
substance abuse, the effects of adult nutritional deprivation, and frequent pregnancies 
at a low matemal age. Excessive alcohol use in pregnancy, low matemal BMI and low 
matemal age were also significantly correlated with low birthweight, whilst high 
tobacco consumption showed a reasonably strong trend. No other variables examined 
showed a statistically significant correlation. 
When the information from this study is examined in relation to possible 
interventions that may be put into place to attempt to actively lower the incidence of 
low birthweight birth in Aboriginal pregnancies it is clear that issues of social support 
(particularly in relation to improved nutrition and harm minimisation programs) and 
improved pregnancy care of individual women are the important issues, rather than 
medical interventions aimed at reducing the likelihood of preterm labour which have 
been suggested in the past. 
ft is of considerable interest that lesser degrees of alcohol use and tobacco use have no 
statistically significant relationship to birthweight. ft may well be that the more 
achievable, though less philosophically pleasing, objectives of alcohol and tobacco 
reducfion rather than elimination may be appropriate primary program aims. 
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FETAL GROWTH 
Results 
The raw biparietal diameter, abdominal circumference and femur length data are 
shown in figures 10.3. 10.4 and 10.5. The second order polynomial lines of best fit 
(with quadrafic equations for each line), in each case, show highly significant 
measurement-to-gestation correlation (R ). 
The measured growth characteristics of the Caucasian fetuses closely fitted the 
published ASUM norms (figures 10.6, 10.7 and 10.8), indicating that the 
measurement techniques used were valid. 
The "smoothed" charts of Aboriginal and Caucasian fetal measurement 5^  , 50' and 
95"^  percentiles are shown in Figures 10.9, 10.10 and 10.11. As these measures are 
obtained from making repeated measurements from individual fetuses, the GLM -
repeated measures technique is an appropriate statistical model for this data. Though 
the aim was to obtain four sets of measurements from all fetuses this aim was not 
realised; thus, the GLM technique was applied to all with four measures, and also to 
the wider group with three measures. The statistics for three measures is shown in 
each case; the use of the four measure statistics does not change the outcome in any 
manner. 
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Figure 10.3: Aboriginal and Caucasian fetal biparietal measurements with second order 
polynomial lines of best fit (with quadratic equations for each line). 
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Figure 10.4: Aboriginal and Caucasian fetal abdominal circumference measurements 
with second order polynomial lines of best fit (with quadratic equations for each line). 
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Figure 10.5: Aboriginal and Caucasian fetal femur length measurements with second 
order polynomial lines of best fit (with quadratic equations for each Hne). 
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Figure 10.6: Caucasian biparietal diameter measurements and ASUM "standard" mean 
biparietal diameters with second order polynomial lines of best fit (with quadratic 
equations for each line). 
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Figure 10.7: Caucasian abdominal circumference measurements and ASUM 
"standard" mean abdominal circumferences with second order polynomial lines of best 
fit (with quadratic equations for each line). 
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Figure 10.8: Caucasian femur length measurements and ASUM "standard" mean 
femur lengths with second order polynomial lines of best fit (wdth quadratic equations 
for each line). 
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Figure 10.9: Smoothed 5*^  50'*' & 95'^  percentiles for fetal biparietal diameter. 
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Figure 10.10: Smoothed 5 , 50 & 95 percentiles for fetal abdominal circumference. 
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Figure 10.11: Smoothed 5'^ 50"" & 95" percentiles for fetal femur length. 
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Statistical evaluation 
When the biparietal diameter, abdominal circumference and femur length data are 
examined at each completed week of gestation (appendix 5) they are found to be 
approximately normally distributed - at all times the mean is within 10% of the 
median, and skevmess and kurtosis are well within -3 to +3 limits. Therefore, the 
repeated measures analysis of variance models in a generalised linear modeling 
(GLM) framework, with interpretation of these models based upon multivariate tests, 
is appropriate to these data. 
Mauchly's test of sphericity was significant to p < 0.05 in each case, indicafing 
unequal variances across groups and across time. Accordingly, the Greenhouse-
Geisser correction was applied throughout the application of the GLM model, to 
account for the assumption of sphericity being violated and to allow the application of 
multivariate tests. 
When quadratic regression lines are generated from scatterplots of biparietal 
diameter, abdominal circumference and femur length data (Figs 3,4 and 5) R , in all 
cases, is greater than 0.95, indicating that they, and generalised linear modeling, are 
appropriate predictive models for these data. 
Though the aim had been to obtain four sets of fetal measurements in each case, this 
was not always possible, due to the FROGS visit schedule and some women giving 
birth before their fourth planned set of measurements. When GLM modeling is 
applied to those subjects with four sets of measurements the results are shown in 
Table 10.8. 
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Table 10.8: GLM test (4 measures) of within-subjects effects (Aboriginal vs. 
Caucasian) with Greenhouse-Geisser correction, within-subjects linear contrasts 
(Aboriginal vs. Caucasian) and within-subjects quadratic contrasts (Aboriginal vs. 
Caucasian), n'^  = n Aboriginal, n*"^  = n Caucasian. 
General Linear 
Modeling test 
Within-subjects 
effects 
Within-subjects 
linear contrasts 
Within-subjects 
quadratic contrasts 
Biparietal 
Diameter 
n^ = 49, n^ = 86 
F2 2, 284.6 = 6.81 
p = 0.00 
F 1,129 = 8.75 
p = 0.00 
F 1,129 = 0.64 
p = 0.43 
Abdominal 
circumference 
n^ = 34, n^ = 72 
F 2 2,222 2 ~ 4.57 
p = 0.01 
F 1,100 =7.99 
p = 0.01 
F 1,100 = 0.30 
p = 0.59 
Femur 
Length 
n'^  = 42, n^ = 78 
F 2.7,305.4 = 1-93 
p = 0.13 
F 1.1,4 =1.91 
p = 0.17 
Fi,114=1.06 
p = 0.09 
The larger group of women with only three sets of measurements do not show any 
evidence of a systematic significant difference from those women with four sets of 
measurements (table 10.9). though there is a trend towards a greater proportion of 
Aboriginal women in the group with three sets of measurements. Thus, it is valid to 
also apply the GLM model to this larger group. 
The numbers in each group do not remain constant, as there are some instances where 
the fetal lie was such that not all measurements could be obtained. 
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Table 10.9: Comparison of epidemiological data from cases where only 3 sets of 
measurements are available with epidemiological data from cases with 4 sets of 
measurements. 
Matemal age 
Matemal BMI 
Matemal parity 
Risk score 
Gestation 
Dubowitz score 
Neonatal PI 
Pregnancy 
outcome score 
Cases with at least 
3 sets of 
measurements 
n 
182 
182 
182 
182 
182 
178 
182 
182 
mean 
25.4 
22.1 
1.1 
4.2 
275.9 
53.3 
2.6 
5.1 
sd 
5.0 
4.7 
1.3 
3.8 
11.5 
5.7 
0.3 
0.9 
Cases with at least 
4 sets of 
measurements 
n 
135 
135 
135 
135 
135 
132 
135 
135 
mean 
25.8 
22.0 
1.0 
3.9 
277.8 
54.0 
2.6 
5.2 
sd 
5.2 
4.5 
1.2 
3.8 
10.2 
5.3 
0.3 
0.9 
Aboriginal 
vs Caucasian 
Tobacco use vs 
no use 
Alcohol use 
vs no use 
86 
96 
78 
104 
48 
134 
49 
86 
52 
83 
34 
101 
ttest 
t, df p 
-0.69,315,0.53 
0.19,315,0.86 
0.70,315,0.53 
0.70,315,0.53 
-1.53,315,0.20 
-1.10,308,0.33 
0.00,315, 1.00 
-0.98,315,0.38 
Chi square 
X,P 
3.37,0.07 
0.44,0.51 
0.01,0.91 
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Table 10.10: GLM test (3 measures) of within-subjects effects (Aboriginal vs. 
Caucasian) with Greenhouse-Geisser correction, within-subjects linear contrasts 
(Aboriginal vs. Caucasian) and within-subjects quadratic contrasts (Aboriginal vs. 
Caucasian), n"^  = n Aboriginal, n'~ = n Caucasian. 
General Linear 
Modeling test 
Within-subjects 
effects 
Within-subjects 
linear contrasts 
Within-subjects 
quadratic contrasts 
Biparietal 
Diameter 
n^ = 86, n*^  = 96 
Fl,8,319.6= 10.75 
p = 0.00 
F 1,177 = 1 6 . 9 2 
p = 0.00 
F 1,177= 1.70 
p = 0.20 
Abdominal 
circumference 
n^ = 81, n^ = 95 
F 1.9,317 8 = 0.89 
p = 0.40 
F 1,171 =1.33 
p = 0.25 
F 1,171 = 0 . 2 9 
p = 0.59 
Femur 
Length 
n^ = 83, n*^  = 93 
F , 8, 299 5 = 0.92 ' 
p = 0.39 
F , , r i =0.11 
p = 0.92 
F 1,171 = 2 . 0 7 
p = 0.15 
There was a statistically significant difference in fetal biparietal diameter between 
Aboriginals and Caucasians, but this was restricted to the linear component of the 
model. The quadratic element of the GLM test of Within-Subjects Contrasts showed 
no significant difference. This effect was seen in both the smaller group with four 
measures and the larger group with three measures. This means that, although there 
was an initial difference in the position and slope of the curves, the overall shapes of 
the curves (ie. the quadratic element) were similar. Therefore, for the purposes of a 
clinical "growth-velocity" curve, there is no substantial difference between the two 
groups. 
For fetal abdominal circumference, a similar situation was seen in the smaller group 
with four measures, but this was not apparent once the larger group with three 
measures was examined. In the larger group both the linear and quadratic elements of 
the GLM test of Within-Subjects Contrasts show no substantial difference. Again, 
this means that, clmically. there is no substantial difference in "growth-velocity-
between these Aboriginal and Caucasian fetal measurements. 
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For fetal femur lengths, both the smaller group with four measures and the larger 
group with three measures showed no significant differences in both the linear and 
quadratic elements of the GLM test of Within-Subjects. Once more, this means that, 
clinically, there is no substantial difference in "growth-velocity" between these 
Aboriginal and Caucasian fetal measurements. 
Discussion 
This is the first published prospective ultrasound based study to assess the question of 
whether or not Aboriginal fetuses have different growth characteristics to their 
Caucasian counterparts. It examines a cohort of fetuses whose mothers lived in four 
remote Aboriginal communities, compared with a reference group of fetuses of 
Caucasian women from a large provincial city, and the published ASUM "norms". 
There is insufficient evidence to reject the null hypothesis examined (That the 
intrauterine fetal growth pattern of the Aboriginal fetus is the same as that in 
Caucasians). The lack of statistical difference is not due to a lack of power in the data 
examined, as even small differences were detectable. As well as having no 
statistically significant quadratic variation from each other, the minor differences 
detected between Aboriginal and Caucasian fetuses do not have any clinical 
significance. 
Therefore, there is no reason to use separate fetal "growth" charts when examining 
Aboriginal fetal growth. Currenfiy validated fetal "growth" charts, such as the ASUM 
charts, are appropriate for use in Aboriginal pregnancies. 
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INFLUENCES ON NEONTAL PHENOTYPE 
Results 
The Aboriginal neonates were, on average, almost 450 g smaller than their Caucasian 
counterparts (Table 10.3) and slightly shorter. Aboriginal neonatal head, abdomen and 
mid-arm circumferences were all smaller (mean measurements by 3.0%, 5.5% and 
3.5%o respectively) and mean Ponderal indices and triceps skin fold thickness were 
lower (by 5.2% and 9.3%). The ratios of head circumference to abdomen 
circumference and of head circumference to mid-arm circumference in the Aboriginal 
neonates were raised. 
Mulfiple linear regression analysis of the association between neonatal phenotype 
parameters and factors which may affect them (Table 10.11 and 10.12) shows that the 
Aboriginal fetus is particularly infiuenced by matemal BMI and alcohol use, whilst 
the Caucasian fetus is affected by maternal BMI, tobacco use and maternal age. 
Matemal BMI changes affected the birthweight of the Aboriginal neonate more than 
the Caucasian fetus (almost 30 g per unit of BMI versus less than 25 g). The newbom 
of an Aboriginal woman who used alcohol was, on average, more than 230 g lighter 
than its Caucasian counterpart with abdominal circumference reduced by more than 
10 mm, head circumference by almost 8 mm and mid-arm circumference by more 
than 4 mm. Tobacco use did not show any discernible effect on Aboriginal neonatal 
parameters. The rafios of head circumference to abdomen circumference and of head 
circumference to mid-arm circumference in the Aboriginal neonates were 
significantly higher than those of the Caucasian neonates, suggesting that the 
reducfion in abdomen and mid-arm circumferences (which relate to glycogen storage 
and subcutaneous fat deposition) was more profound than the reduction in head 
circumference. 
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Table 10.11: Multiple linear regression analysis of factors predicfing Aboriginal 
neonatal phenotype. The regression coefficient (B statistic), 95% confidence intervals 
and the significance (p value) are shown. Where p is <0.10 the cell is shaded. 
ABORIGINAL 
Neonatal 
Characteristic 
Weight 
Length 
Head 
Circumference 
Abdominal 
Circumference 
Mid-arm 
Circumference 
Sl<in-fold 
Thicioiess 
Ponderal Index 
Maternal Characteristic 
BMI 
29.26 
0.02,53.50 
p = 0.019 
0.10 
-0.015,0.216 
p = 0.088 
0.93 
0.13, 1.72 
p = 0.022 
0.63 
-0.55, 1.81 
p = 0.29 
0.75 
0.26, 1.25 
p = 0.003 
0.034 
-0.005, 0.073 
p = 0.083 
0.011 
-0.001,0.023 
p = 0.062 
Age 
-18.24 
-46.17,9.68 
p = 0.20 
-0.058 
-0.19,0.075 
p = 0.39 
-0.33 
-1.24,0.59 
p = 0.48 
-1.02 
-2.41,0.38 
p = 0.I5 
0.050 
-0.52,0.62 
p = 0.86 
-0.020 
-0.065,0.025 
p = 0.37 
-0.0078 
-0.021,0.006 
p = 0.26 
Tobacco Use 
-0.059 
-237.9,237.8 
p = 1.00 
-0.36 
-1.49,0.77 
p = 0.53 
0.12 
-7.67,7.91 
p = 0.98 
-3.63 
-15.42, 8.16 
p = 0.54 
0.77 
-4.13,5.67 
p = 0.76 
0.22 
-0.17,0,60 
p = 0.27 
0.049 
-0.068,0.17 
p = 0.41 
Alcohol Use 
-231.95 
-465.37, 1.46 
p = 0.051 
-1.16 
-2.27, -0.043 
p = 0.042 
-7.93 
-15.58,-0.29 
p = 0.042 
-10.28 
-22.00, 1.43 
p = 0.085 
-4.42 
-9.92, 0.38 
p = 0.071 
-0.21 
-0.59,0.22 
p = 0.26 
-0.045 
-0.16,0.069 
p = 0.44 
Parity 
-13.95 
-99.60,71.71 
p = 0.75 
-0.23 
-0.63,0.18 
p = 0.28 
0.14 
-2.67,2.95 
p = 0.92 
0.31 
-3.90,4.52 
p = 0.88 
0.17 
-1.58, 1.93 
p = 0.85 
0.078 
-0.059,0.22 
p = 0.26 
0.026 
-0.016,0.068 
p = 0.22 
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Table 10.12: Multiple linear regression analysis of factors predicting Caucasian 
neonatal phenotype. The regression coefficient (B stafistic), 95% confidence intervals 
and the significance (p value) are shown. Where p is <0.10 the cell is shaded. 
CAUCASIAN 
Neonatal 
Characteristic 
Weight 
Length 
Head 
Circumference 
Abdominal 
Circumference 
Mid-arm 
Circumference 
Skin-fold 
Thickness 
Ponderal Index 
Maternal Characteristic 
BMI 
24.38 
3.86,44.90 
p = 0.020 
0.064 
-0.025,0.15 
p = 0.I6 
0.98 
0.36, 1.59 
p = 0.002 
1.07 
0.083,2.06 
p = 0.034 
0.49 
0.065,0.91 
p = 0.024 
0.073 
0.032,0.11 
p = 0.001 
0.010 
-0.002, 0.023 
p = 0.1I 
Age 
-19.91 
-39.59, -0.22 
p = 0.047 
-0.040 
-0.13,0.045 
p = 0.35 
-0.34 
-0.93,0.25 
p = 0.26 
-0.54 
-1.48,0.40 
p = 0.26 
-0.046 
-0.86,0.055 
p = 0.026 
-0.031 
-0.070,0.008 
p = 0.12 
-0.010 
-0.022, 0.002 
p = 0.091 
Tobacco Use 
-276.52 
-500.4, -52.60 
p = 0.016 
-0.43 
-1.40,0.53 
p = 0.37 
-9.69 
-16.43,-2.96 
p = 0,005 
-13.24 
-24.01,-2.40 
p = 0.017 
-4.55 
-9.14,0.036 
p = 0.052 
-0.31 
-0.76,0.14 
p = 0.18 
-0.16 
-0.29,-0.021 
p = 0.024 
Alcohol Use 
-86.89 
-358.0, 184.2 
p = 0.53 
-0.73 
-1.90,0.44 
p = 0.22 
-1,61 
-9.76, -6.54 
p = 0.70 
-5.88 
-19.16,7.40 
p = 0.38 
-4.17 
-9.81, 1,47 
p = 0.15 
-0,41 
-0.96,0.14 
p = 0.15 
0.036 
-0.13,0.20 
p = 0.67 
Parity 
114.49 
-5.20,234.19 
p = 0.061 
0.40 
-0.12,0,92 
p = 0,13 
0.15 
-3.75,3,45 
p = 0,93 
2.77 
-3.00,8.53 
p = 0,34 
2.11 
-0.34,4.56 
p = 0.091 
0,16 
-0,077, 0,40 
p = 0.18 
0.024 
-0.049, 0.097 
p = 0,52 
In the Caucasian babies, tobacco use significantly reduced birthweight by more than 
275 g, abdominal circumference by more than 13 mm, head circumference by almost 
10 mm, and mid-arm circumference by over 4.5 mm. Matemal age and parity also 
affected some Caucasian neonatal parameters (especially birthweight and mid-arm 
circumference), though this effect was not seen in the Aboriginal newboms. 
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Discussion 
This study clearly shows that the lower mean Aboriginal maternal BMI (and the 
underlying poor nutrition) and the higher Aboriginal use of alcohol in pregnancy 
account for much of the difference observed in the phenotypes of the two groups of 
babies. Tobacco use had a significant influence on the babies of the Caucasian women 
who smoked cigarettes during their pregnancy. 
It is difficult to understand the lack of an apparent significant effect of tobacco use on 
the Aboriginal babies as well. The fact that 50.8% (31 of 61) of the Aboriginal 
women who smoked drank alcohol as well, whereas only 36.0% (9 of 25) of the 
Caucasian smokers also used alcohol may have statistically "swamped" the effect of 
tobacco use. 
This evidence suggests that, rather than introducing medical interventions aimed at 
reducing the likelihood of preterm labour in an attempt to reduce the incidence of low 
birthweight Aboriginal birth, issues of poor Aboriginal maternal nutrition and the use 
of alcohol by pregnant women must be targeted if Aboriginal fetal health is to be 
improved and lead to better neonatal outcomes. 
In this regard, programs of social support, improved nutrition and harm minimisation, 
and expert frequent antenatal care are best developed within Aboriginal society rather 
than by externally based health services, with support and training being provided by 
healthcare professionals with appropriate cross-cultural attitudes and training. Such 
programs are most appropriately centered on female Aboriginal healthworkers who 
have been selected by their community for this function, who have specific training in 
the care and support of pregnant women, and who have a supportive visiting 
midwifery / obstetric service to provide advice and back-up. 
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The funding of such programs, which should not be significamly more expensive than 
current programs to care for high-risk women in tertiary obstetric centres, must 
become a nafional priority if neonatal and subsequem childhood and adult morbidity 
and mortality patterns in Aboriginal people are to be significantly improved. 
SYNTHESIS 
Ninety-six remote Aboriginal women and a reference group of 96 Caucasian women 
from a large provincial city were studied throughout their pregnancies. These women 
had no apparent risk factors for preterm birth or for fetal growth abnormalities. The 
Aboriginal women were younger, lighter and shorter than the Caucasian women, with 
higher gravidity, parity and risk scores. The Aboriginal women were more likely than 
the Caucasian women to use tobacco and/or alcohol during pregnancy (especially 
tobacco use in excess of 10 cigarettes per day and/or consumption of more than two 
standard alcoholic drinks per day for at least five of every seven days). 
The Aboriginal neonates were almost 450 g smaller than their Caucasian counterparts 
and slightly shorter. Aboriginal neonatal head, abdomen and mid-arm circumferences 
were all smaller and mean Ponderal indices and triceps skin fold thickness were 
lower. The ratios of head circumference to abdomen circumference and of head 
circumference to mid-arm circumference in the Aboriginal neonates were raised. 
The mean gestational ages of the two groups, at birth, differed by 4 days, and the 
neonatal Dubowitz scores were not significantly different. Kaplan-Meier analysis, 
testing for equality of survival distributions, confirms that the gestation-at-delivery 
distribution of the two groups is not significantly different. This does not change 
when spontaneous births, only, are examined. 
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There is insufficient evidence to reject the null hypothesis "That the average 
gestation at birth and the incidence of preterm birth in Aboriginal people is the same 
as that in Caucasians". Although gestational age was the strongest predictor of 
birthweight, it is clear from this study that prematurity is not the most significant 
cause of low birthweight birth in Aboriginal people. Aboriginal ethnicity is an 
independent predictor of birthweight after accounting for other factors strongly 
associated with low birthweight outcomes; excessive alcohol use in pregnancy, low 
maternal BMI and low maternal age were also significantly correlated with low 
birthweight, whilst high tobacco consumption showed a reasonably strong trend. No 
other variables examined showed a statistically significant correlation. Multiple linear 
regression analysis of the association between neonatal phenotype parameters and 
factors which may affect them shows that the Aboriginal fetus is particularly 
infiuenced by matemal BMI and alcohol use, whilst the Caucasian fetus is affected by 
maternal BMI, tobacco use and maternal age. 
There is, also, insufficient evidence to reject the null hypothesis "That the 
intrauterine fetal growth pattern of the Aboriginal fetus is the same as that in 
Caucasians". The Aboriginal and Caucasian growth curves in biparietal diameter, 
abdominal circumference and femur length do not have any statistically significant 
quadratic variation from each other, and the minor linear differences do not have any 
clinical significance. Therefore, there is no reason to use separate fetal "growth" 
charts when examining Aboriginal fetal growth. Currently validated fetal "growth" 
charts, such as the ASUM charts, are appropriate for use in Aboriginal pregnancies. 
When the information from this study is examined in relation to possible 
interventions that may be put into place to attempt to actively lower the incidence of 
low birthweight birth in Aboriginal pregnancies it is clear that issues of improved 
pregnancy care and social support of individual women are the important issues, 
rather than medical interventions aimed at reducing the likelihood of preterm labour 
which have been suggested in the past. 
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Culturally appropriate pregnancy care and social support (particularly in relation to 
improved nutrition and harm minimisafion programs) must target the effects of poor 
nutrifion and excessive alcohol use if the excessive incidence of low birthweight birth 
in Aboriginal people is to be reduced. 
These suggested changes are best brought about from within Aboriginal society, with 
support and training being provided by healthcare professionals with appropriate 
cross-cultural attitudes and training, rather than by extemally based health services. 
Frequent supportive care for pregnant Aboriginal women, with particular reference to 
improvement in their daily nutritional intake and to advice about, and encouraging 
assistance with, substance-use reduction programs need to be central to pregnancy 
care. 
Such programs are most appropriately centered on female Aboriginal healthworkers 
who have been selected by their community for this function, who have specific 
training in the care and support of pregnant women, and who have a supportive 
visifing midwifery / obstetric service to provide advice and back-up. The funding of 
such programs, which should not be significantly more expensive than current 
programs to care for high-risk women in tertiary obstetric centres, must become a 
national priority if neonatal and subsequent childhood and adult morbidity and 
mortality pattems in Aboriginal people are to be significantly improved. 
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SUMMARY 
In 1990 pregnancy outcomes for indigenous women in Far North Queensland, 
particularly those living in remote communities, was significantly inferior to those of 
Caucasian women in the region, and the opportunities for remote indigenous women 
to access specialist obstetric and gynaecological care was minimal. 
This thesis examines the development of a research based clinical service to provide 
appropriate antenatal care to the remote Aboriginal women of Far North Queensland. 
This service aimed to improve the pregnancy outcome and reduce the unacceptably 
high perinatal mortality and morbidity rates in these people. 
The Caims Base Hospital Department of Obstetrics and Gynaecology was improved 
by the development of a high quality training unit for junior medical staff with clear 
and adequate supervision by specialist staff the development of clear protocols of 
care for the Cairns Base Hospital maternity unit and for surrounding community 
hospitals and remote area health centres, and the development of a comprehensive 
specialist outreach program (FROGS). 
Obstetric risk scoring was studied as a means of best allocating care resources, and an 
obstetric outcome score was developed and piloted to attempt to improve clinical 
audit of the entire childbirth process. The introduction of a computerised obstetric 
database at Caims Base Hospital allowed a retrospective study of pregnancy and its 
outcomes in Aboriginal women. 
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The de\ elopment of an adequate perinatal mortality review processes, both at Caims 
Base Hospital and throughout the region, was a vital step in attempting to understand 
the reasons for the unacceptably high incidence of perinatal death in the babies of 
Aboriginal women. 
Study of retrospective data from the computerised database showed that Aboriginal 
pregnancies tended to occur to women younger and of higher parity than their 
Caucasian counterparts. Aboriginal women were significantly more likely to not 
access antenatal care than Caucasian women, more likely to have had a perinatal 
death and/or a caesarean section in the past, and more likely to have a high risk score 
if scoring was undertaken at the first antenatal visit. Aboriginal women smoked 
cigarettes and used alcohol more frequently, in pregnancy, than Caucasian women. 
Aboriginal women were more likely to have hypertension, anaemia, urinary tract 
infection, preterm premature rupture of membranes (with or without threatened 
preterm labour), and threatened preterm labour with intact membranes as 
complications of their pregnancy than Caucasians. 
Perinatal death (particularly neonatal death) was more common in Aboriginal 
pregnancies than in Caucasian pregnancies. The distribution of cause of perinatal 
death differs considerably between indigenous and non-indigenous perinatal deaths, 
with spontaneous preterm birth and infection being significantly more predominant 
causes in indigenous people, and unexplained intrauterine fetal death and fetal 
abnormality more predominant causes in non-indigenous people. Aboriginal women 
had significantly more babies born in poor condition (Apgar scores 0 to 2), and a 
significantly lower incidence of babies born in good condition (Apgar scores 8 to 10), 
when compared with Caucasian women. Aboriginal newborns were significantly 
more likely to require intensive nursery care. 
The birthweight distribution in Aboriginal births was clearly different to that in 
Caucasian births, with a significantly higher number of low birthweight babies being 
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bom to Aboriginal women. The gestafional distribution, at delivery, in Aboriginal 
births also appeared different to that in Caucasian births, with a significantly higher 
number of preterm (<34 weeks gestation) babies being bom to Aboriginal women.. In 
view of the high incidence of uncertainty regarding gestational age in Aboriginal 
pregnancies, however, these last facts are suspect and need to be confirmed by a 
prospective study. 
Aboriginal ethnicity, the use of tobacco and alcohol, hypertension, and nulliparity 
were found to be risk factors which predicted small for gestational age (SGA) low 
birthweight birth, whilst preterm premature rupture of membranes, preterm labour, 
antepartum haemorrhage, not accessing antenatal care, previous perinatal death(s), 
nulliparity, the use of tobacco, and matemal age of 35 years or more were risk factors 
which predicted appropriate for gestational age (AGA) low birthweight birth. Of these 
risk factors, not accessing antenatal care, previous perinatal death(s), preterm 
premature mpture of membranes, preterm labour, hypertension and the use of tobacco 
were more common in Aboriginal women, suggesting that these risk factors should be 
the primary targets of any intervention(s) designed to reduce the incidence of low 
birthweight birth in Far North Queensland Aboriginals. 
The lack of prospective information regarding the cause of the excess incidence of 
low birthweight birth in Aboriginal people resulted in the development of a 
prospective ultrasound based study of Aboriginal fetal growth and gestational 
characteristics, supported by a Department of Health and Family Services Research 
and Development Grant (RADGAC project number 97/DDHSH07003G). This study 
examined two null hypotheses: 
1. That the average gestation at birth and the incidence of preterm birth in 
Aboriginal people is the same as that in Caucasians. 
2. That the intrauterine fetal growth pattern of the Aboriginal fetus is the same as 
that in Caucasians. 
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Aboriginal women were recmited in four Cape York communities, and a Caucasian 
reference group was recruited from the public antenatal clinic of Caims Base 
Hospital. 
Ninety-six remote Aboriginal women and a reference group of 96 Caucasian women 
from a large provincial city were studied throughout their pregnancies. There were 
unavoidable epidemiological differences between the Aboriginal and Caucasian 
women, with the Aboriginal women being younger, lighter and shorter than the 
Caucasian women, with higher gravidity, parity, and risk scores. The Aboriginal 
women were more likely than the Caucasian women to use tobacco and/or alcohol 
during pregnancy. 
The Aboriginal neonates were almost 450 g smaller than their Caucasian counterparts, 
slightly shorter, and had smaller head, abdomen and mid-arm circumferences, lower 
mean Ponderal indices and triceps skin fold thickness, and the ratios of head 
circumference to abdomen circumference and of head circumference to mid-arm 
circumference in the Aboriginal neonates were raised. 
The mean gestational ages of the two groups, at birth, differed by 4 days, the neonatal 
Dubowitz scores were not significantly different, and the gestation-at-delivery 
distribution of the two groups was not significantly different. 
There is insufficient evidence to reject the null hypothesis "That the average 
gestation at birth and the incidence of preterm birth in Aboriginal people is the same 
as that in Caucasians". Prematurity is not the most significant cause of low 
birthweight birth in Aboriginal people. Apart from Aboriginal ethnicity, excessive 
alcohol use in pregnancy, low maternal BMI and low maternal age were significanfiy 
correlated with low birthweight and high tobacco consumption showed a reasonably 
strong trend. Multiple linear regression analysis of the associafion between neonatal 
phenotype parameters and factors which may affect them shows that the Aboriginal 
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fetus is particularly influenced by matemal BMI and alcohol use. whilst the Caucasian 
fetus is affected by maternal BMI, tobacco use and matemal age. 
There is, also, insufficient evidence to reject the null hypothesis "That the 
intrauterine fetal growth pattern of the Aboriginal fetus is the same as that in 
Caucasians". The Aboriginal and Caucasian growth curves in biparietal diameter, 
abdominal circumference and femur length are not significantly different to each 
other in any clinically important sense. Therefore, there is no reason to use separate 
fetal "growth" charts when examining Aboriginal fetal growth. 
When the information from this study is examined in relation to possible 
interventions that may be put into place to attempt to actively lower the incidence of 
low birthweight birth in Aboriginal pregnancies it is clear that issues of improved 
pregnancy care and social support of individual women are the important issues, 
rather than medical interventions aimed at reducing the likelihood of pretemi labour 
which have been suggested in the past. Culturally appropriate pregnancy care and 
social support (particularly in relation to improved nutrition and harm minimisation 
programs) must target the effects of poor nutrition and excessive alcohol use if the 
excessive incidence of low birthweight birth in Aboriginal people is to be reduced. 
These suggested changes are best brought about from within Aboriginal society, with 
support and training being provided by healthcare professionals with appropriate 
cross-cultural attitudes and training, rather than by extemally based health services. 
Programs centered on female Aboriginal health workers who have been selected by 
their community to provide frequent supportive care for pregnant Aboriginal women, 
with particular reference to improvement in their daily nutrifional intake and to advice 
about, and encouraging assistance with, substance-use reduction programs need to be 
central to pregnancy care. These health workers require specific training in the care 
and support of pregnant women, and a supportive visiting midwifery / obstetric 
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service to provide advice and back-up. The funding of such programs, which should 
not be significantly more expensive than current programs to care for high-risk 
women in tertiary obstetric centres, must become a national priority if neonatal and 
subsequent childhood and adult morbidity and mortality pattems in Aboriginal people 
are to be significantly improved. 
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APPENDIX 1 
RURAL GENERAL PRACTITIONER OBSTETRIC TRAINING 
CURRICULUM IN NORTH QUEENSLAND 
AIMS OF THE TRAINING CURRICULUM FOR OBSTETRICS IN RURAL 
PRACTICE: 
1. Provide experience in the management of common obstetric conditions with 
associated clinical skills and common management practices. 
2. Provide for the gaining of experience and competence in the management of 
obstetric aspects of rural general practice. 
3. Develop understanding of the importance of decision making about local 
management, consultation and referral for common obstetric conditions 
4. Enable trainees to recognise their strengths and limitations and to consider 
availability of local and transfer resources in making decisions about obstetric 
management. 
5. Develop a commitment to rural general practice and the provision of medical 
services for rural communities. 
6. Foster self-directed learning and a commitment to continuing education in the 
management of obstetric services in rural general practice. 
7. Commitment to Quality assurance and Continuing Medical education. 
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CURRICULUM OBJECTIVES: 
1. Demonstrate knowledge, experience and appropriate skills in the management of 
common obstetric and gynaecological condifions. 
2. Make decisions about the management of common obstetric and gynaecological 
condifions including decisions about local conservafive or operative management, 
or local management with consultation or referral and transfer. 
3. Indicate that they recognise the importance of consideration of their own strengths 
and limitations and the availability of local resources for management, 
consultation or transfer in the management of common obstetric and 
gynaecological conditions. 
4. Demonstrate knowledge of relevant anatomy, physiology, pathology and research 
findings in the management of common obstetric and gynaecological conditions. 
5. Take responsibility for the management aspects of clinical skills in the 
management of common obstetric and gynaecological conditions. 
6. Perform appropriate common obstetric and gynaecological procedures under 
minimal or no supervision. 
7. Demonstrate understanding of, and competence in, the conduct of common 
practices in the management of common obstetric and gynaecological conditions. 
8. Demonstrate knowledge and skills in the postnatal and postoperative management 
of common obstetric and gynaecological condifions, including the management of 
complications. 
9. Summarise important issues and indicate their own attitudes and perspective on 
the provision of medical services in rural Australia, especially the management of 
common obstetric and gynaecological condifions. 
10. Demonstrate a commitment to self directed and continuing leaming in preparation 
for rural general practice. 
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OBSTETRIC AND GYNAECOLOGICAL 
EXPERIENCE IS REQUIRED: 
Preconception counselling 
Routine antenatal care 
Early pregnancy counselling 
Bleeding in early pregnancy 
Ectopic pregnancy 
Hyperemesis gravidarum 
Minor disorders of early pregnancy 
Cervical incompetence 
Medical conditions in pregnancy 
Abnormal glucose tolerance / diabetes 
Infections in pregnancy 
Small for dates 
Large for dates 
Antepartum haemorrhage 
Pregnancy induced hypertension / eclampsia 
Breech 
Other malpresentations 
Multiple gestation 
Polyhydramnios 
Oligohydramnios 
Anaemia in pregnancy 
Premature rupture of membranes 
Isoimmunisation 
Post dates 
Intrauterine death 
Anaesthetic assessment 
CONDITIONS IN WHICH 
Analgesia 
Premature labour 
Normal labour 
Induction of labour - medical & 
surgical 
Augmentation of labour 
Delay in labour / trial of labour 
Trial of scar 
Obstetric shock 
Fetal distress 
Intrapartum haemorrhage 
Shoulder dystocia 
Retained placenta 
Perineal tear/episiotomy 
Uterine rupture 
Uterine inversion 
Coagulation defects 
Amniotic fluid embolism 
Pulmonary embolism 
Postpartum haemorrhage 
Routine postnatal care 
Pelvic infection 
Breast feeding and its problems 
Neonatal resuscitation 
Neonatal examination 
Neonatal problems 
Contraceptive advice 
(continued over page). 
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Postnatal depression Gynaecological neoplasms 
Postnatal counselling peiyjc pain 
Investigation of infertility Vaginal discharge 
Lost lUCD investigation Urogenital prolapse 
Abnormal uterine bleeding Menstrual problems 
OBSTETRIC AND GYNAECOLOGICAL SKILLS WHICH MUST BE 
ACQUIRED: 
Clinical assessment of pelvis 
Ultrasound for dating, placental localisation, fetal viability and multiple pregnancy 
Interpretation of CTG's - antenatal & intrapartum 
Normal vaginal delivery 
Artificial rupture of membranes 
Application of scalp electrode 
Ventouse/forceps - low, mid cavity non-rotational 
Manual rotation 
Pudendal block 
Caesarean section - LUSCS, classical, emergency/elective 
Caesarean complications: Principles of bladder repair, repair of bowel, hysterectomy 
Breech delivery 
Twins delivery (including principles of internal version) 
Episiotomy, repair perineum, repair third degree tear, repair lacerated cervix 
Manual removal of placenta and principles of management of uterine inversion 
ERPC 
Neonatal resuscitation - intubation, umbilical vein catheter, peripheral venous 
cannulation 
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CANDIDATE ASSESSMENT: 
1. Candidate must sit, and pass, the DRACOG examination. To sit this 
examination the candidate must complete six months training in an accredited 
post, and maintain a logbook, which shows adequate experience for that six-
month period of training. 
2. The logbook must be continued for the entire twelve-month training period, 
and substantially meet with the procedural requirements set out in the Training 
Curriculum for Obstetrics in Rural Practice. 
3. Ten case commentaries, emphasising particularly a literature review and 
relevance to rural practice and patient outcome, should be jointly assessed as 
satisfactory by the local rural practitioner and obstetrician supervisors. The 
topics should be jointly selected by the candidate and the two supervisors, 
allowing one or more appropriate themes to be selected. 
4. Regular meetings are required with the obstetrician supervisor(s) as part of a 
weekly tutorial program. 
5. Formal three-monthly summative assessment meetings must occur between the 
trainee and the local rural practitioner and obstetrician supervisors, aided by a 
progressive assessment form, the commentaries and the logbook. 
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OBSTETRIC DATABASE PROGRAM 
DATA FIELDS: 
Maternal identifying data 
Unit record number 
Date of delivery 
Sumame 
Given name 
Matemal date of birth 
Normal place of residence 
Ethnicity & country of birth 
Marital status 
Booking and antenatal care 
• Bed booking status 
• Reason for emergency admission / transfer, if not booked at Caims Base hospital 
• Was this patient referred by the Royal Flying Doctor Service? 
Past obstetric history 
• Number of previous live births 
• Number of previous stillbirths 
• Number of previous neonatal deaths 
• Number of previous caesarean secfions 
• Number of previous spontaneous abortions 
• Number of previous induced abortions 
• Outcome of last pregnancy 
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Antenatal complications 
Hypertension 
Eclampsia 
Antepartum haemorrhage 
Urinary tract infection 
Chronic renal disease 
Matemal cardiac disease 
Matemal infections 
Rh iso immunisation 
Surgical complications 
Abnormal cervical cytology 
Pre-existing diabetes mellitus 
Gestational diabetes mellitus 
Other endocrine abnormality 
Threatened preterm labour 
Premature rupture of membranes 
Placental insufficiency 
Fetal death before labour 
Insertion of cervical suture 
Multiple pregnancy 
Hyperemesis gravidarum 
Substance use in pregnancy 
• Antenatal smoking habits 
• Antenatal drinking habits 
• Antenatal medications 
• Drug addiction 
First visit risk score 
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Antenatal investigations 
• Matemal blood group 
• Lowest antenatal haemoglobin estimation 
Intervention / abnormalities of birth process 
• Indication for induction of labour 
• Method(s) of augmentation / induction of labour 
• Use of intrapartum fetal monitoring 
• Major abnormalifies of labour 
• Pain control in labour 
Birth details 
• Date of delivery 
• Completed weeks gestation 
• Certainty of gestation 
• Presentation 
• Single vs multiple pregnancy 
• Onset of labour or elective caesarean section 
Birth outcome 
(infant 1 if multiple pregnancy) 
• Mode of delivery 
• Major indication for forceps / vacuum delivery 
• Major indication for caesarean section 
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Baby 
(infant 1 if multiple pregnancy ) 
• Livebom / stillborn / neonatal death 
• inrant resuscitation 
• S minute apgar score 
• Birthweight 
m Presence of congenital anomalies 
• Admission to special care nursery 
• Place of neonatal discharge 
• Feeding on discharge 
Birth outcome 
(infants 2,3 & 4 if multiple pregnancy) 
Baby 
(infants 2,3 & 4 if multiple pregnancy) 
Maternal outcome 
• Maternal morbidity 
• Place of matemal discharge 
• Perineal state, if vaginal birth 
« Third stage outcome 
• Form of anaesthesia, if needed 
• Postpartum haemorrhage 
• Blood transfusion, if needed 
• Contraception arranged on discharge 
Maternal outcome 
i Matemal morbidity 
• Place of matemal discharge 
Obstetric database program 
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m Perineal state, if vaginal birth 
• Third stage outcome 
f Form of anaesthesia, if needed 
• Postpartum haemorrhage 
• Blood transfusion, if needed 
• Contraception arranged on discharge 
Accoucher 
Seniorits' of accoucher 
Registrar in attendance (if any) 
Any special comments (in free text) 
tOGIC TREE^ 
Ask unit record number and date of delivery for unique identifier 
Ask name 
Ask bed stams at delivery 
If emersencv admission / transfer from birth centre 
•h^' w 
Ask reason for emergency admission / transfer 
Ask marital status 
Ask age 
Ask ethnicity / country of birth 
Ask previous livebirths 
Ask previous stillbirths 
If not nulliparous 
Ask previous caesarean section 
Ask previous spontaneous abortion 
Ask previous induced abortion 
If not primigravid 
Ask mode of birth last pregnancy 
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Ask normal place of residence 
Ask antenatal smoking 
Ask antenatal drinking 
Ask antenatal use of medications 
Ask antenatal complications 
Ask first visit risk score 
Ask antenatal investigations 
Specify blood group and lowest haemoglobin 
If amniocentesis 
Ask indication for amniocentesis 
If rhesus isoimmunisation 
Ask history and management of rhesus disease 
Ask gestation at delivery 
If gestation less than 37 
Ask certainty of gestation 
Ask presentation 
Ask onset of labour / elective caesarean section 
If elective caesarean section 
Ask indication for caesarean section 
Else if not elective section 
If labour induced 
Ask indication for induction 
If labour induced or augmented 
Ask method used 
Ask intrapartum monitoring 
Ask major abnormalities of labour 
Ask pain control 
Ask delivery outcome 
If forceps / vacuum delivery 
Ask indication for forceps / vacuum delivery 
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If caesarean section in labour 
Ask indication for caesarean section 
Ask baby (1) data 
If baby livebom 
Ask resuscitation 
Ask 5 minutes apgar score 
Ask if special care nursery care required 
Ask congenital anomalies 
Ask place of neonatal discharge 
Ask mode of feeding on discharge 
If twins repeat enquiry for baby (ii) 
If triplets repeat enquiry for baby (iii) 
If quadruplets repeat enquiry for baby (iv) 
Ask matemal morbidity 
If vaginal delivery 
Ask perineal state 
Ask third stage 
If operafive delivery or manual removal of placenta 
Ask mode of anaesthesia 
Ask post partum haemorrhage 
If caesarean section, abnormal third stage or p.p.h. 
Ask number of units transfused 
Ask place of matemal discharge 
Ask postpartum contraception 
Ask seniority of accoucheur 
Ask registrar identity 
Ask any special comments (free text) 
Print letter to general practitioner 
Print discharge summary 
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AUSTRALIAN SOCIETY FOR ULTRASOUND IN MEDICINE 
(ASUM) MEAN FETAL MEASUREMENTS. 
Gestation 
(weeks + 
days) 
14.0 
14.1 
14.2 
14.3 
14.4 
14.5 
14.6 
15.0 
15.1 
15.2 
15.3 
15.4 
15.4 
15.6 
16.0 
16.1 
16.2 
16.3 
16.4 
16.5 
16.6 
17.0 
17.1 
17.2 
17.3 
17.4 
17.5 
17.6 
18.0 
18.1 
18.2 
18.3 
18.4 
18.5 
18.6 
Mean 
BPD 
(mm) 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
Mean 
FAC 
(mm) 
80 
82 
83 
85 
87 
89 
90 
92 
94 
95 
97 
98 
100 
102 
103 
105 
106 
108 
109 
111 
113 
114 
116 
117 
119 
121 
122 
124 
126 
128 
129 
131 
132 
134 
136 
Mean 
FL 
(mm) 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Gestation 
(weeks + 
days) 
19.0 
19.1 
19.2 
19.3 
19.4 
19.5 
19.6 
20.0 
20.1 
20.2 
20.3 
20.4 
20.5 
20.6 
21.0 
21.1 
21.2 
21.3 
21.4 
21.5 
21.6 
22.0 
22.1 
22.2 
22.3 
22.4 
22.5 
22.6 
23.0 
23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
Mean 
BPD 
(mm) 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
Mean 
FAC 
(mm) 
137 
139 
140 
142 
144 
145 
147 
149 
151 
152 
154 
155 
157 
159 
160 
162 
163 
165 
166 
168 
170 
171 
173 
174 
176 
178 
180 
181 
183 
185 
186 
188 
189 
191 
193 
Mean 
FL 
(mm) 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
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Gestation 
(weeks + 
days) 
24.0 
24.1 
24.2 
24.3 
24.4 
24.5 
24.6 
25.0 
25.1 
25.2 
25.3 
25.4 
25.5 
25.6 
26.0 
26.1 
26.2 
26.3 
26.4 
26.5 
26.6 
27.0 
27.1 
27.2 
27.3 
27.4 
27.5 
27.6 
28.0 
28.1 
28.2 
28.3 
28.4 
28.5 
28.6 
Mean 
BPD 
(mm) 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
Mean 
FAC 
(mm) 
194 
196 
197 
199 
201 
203 
204 
206 
208 
209 
211 
212 
214 
216 
217 
219 
220 
222 
223 
225 
227 
228 
230 
231 
233 
235 
236 
238 
240 
242 
243 
245 
247 
249 
250 
Mean 
FL 
(mm) 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
Gestation 
(weeks + 
days) 
29.0 
29.1 
29.2 
29.3 
29.4 
29.5 
29.6 
30.0 
30.1 
30.2 
30.3 
30.4 
30.5 
30.6 
31.0 
31.1 
31.2 
31.3 
31.4 
31.5 
31.6 
32.0 
32.1 
3-) 0 
32.3 
32.4 
32.5 
32.6 
33.0 
33.1 
33.2 
33.4 
JJ.O 
Mean 
BPD 
(mm) 
Mean 
FAC 
(mm) 
, 251 
74 253 
Mean 
FL 
(mm) 
56 
254 i 
75 
76 
77 
78 
256 
258 
260 
261 
263 
265 
266 
268 
269 
271 
i 273 
79 274 
I 276 
80 
81 
82 
83 
84 
85 
86 
277 
279 
280 
282 
284 
285 
287 
288 
290 
"'9? 
294 
295 
297 
299 
300 
302 
303 
305 
307 
57 
58 
59 
60 
61 
62 
63 
1 
64 
65 
66 
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Gestation 
(weeks + 
days) 
34.0 
34.1 
34.2 
34.3 
34.4 
34.5 
34.6 
35.0 
35.1 
35.2 
35.3 
35.4 
35.5 
35.6 
36.0 
36.1 
36.2 
36.3 
36.4 
36.5 
36.6 
Mean 
BPD 
(mm) 
87 
88 
89 
90 
91 
Mean 
FAC 
(mm) 
308 
310 
311 
313 
315 
317 
318 
320 
322 
323 
325 
326 
328 
330 
331 
333 
334 
336 
337 
339 
341 
Mean 
FL 
(mm) 
67 
68 
69 
70 
71 
72 
Gestation 
(weeks + 
days) 
37.0 
37.1 
37.2 
37.3 
37.4 
37.5 
37.6 
38.0 
38.1 
38.2 
38.3 
38.4 
38.5 
38.6 
39.0 
39.1 
39.2 
39.3 
39.4 
39.5 
39.6 
Mean 
BPD 
(mm) 
92 
93 
94 
95 
Mean 
FAC 
(mm) 
342 
344 
345 
347 
349 
350 
352 
354 
356 
357 
359 
360 
362 
364 
365 
367 
368 
370 
372 
374 
375 
Mean 
FL 
(mm) 
73 
74 
75 
76 
77 
78 
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NEONATAL DUBOWITZ SCORE ELEMENTS. 
Score 0 1 2 3 
—1 
4 
External signs 
Oedema 
Skin texture 
Skin colour 
Skin opacity 
(tmnk) 
Obvious 
oedema of 
hands and 
feet; pitting 
over tibia 
Very thin. 
gelatinous 
Dark red 
Numerous 
veins and 
venules 
clearly 
seen. 
especially 
over 
abdomen 
No obvious 
oedema of 
hands and 
feet; pitting 
over tibia 
Thin and 
smooth 
Uniformly 
pink 
Veins and 
tributaries 
seen 
No oedema. 
Smooth; 
medium 
thickness, 
rash or 
superficial 
peeling 
Pale pink; 
variable 
over body 
A few large 
vessels 
clearly seen 
over 
abdomen 
Thick and 
parchment-
like; 
superficial 
or dark 
cracking 
Pale; only 
pink over 
ears, lips, 
palms or 
soles. 
A few large 
vessels seen 
indistinctly 
over 
abdomen 
i 
i 
I 
No blood 
vessels seen 
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Score 
Lanugo 
(over back) 
Plantar 
creases 
Nipple 
formation 
Breast size 
Ear form 
0 
No lanugo 
No skin 
creases 
Nipple 
barely 
visible, no 
areola 
No breast 
tissue 
palpable 
Pirma fiat 
&shapeless, 
little or no 
incurving 
edge 
1 
Abundant; 
long and 
thick over 
whole back 
Faint red 
marks over 
anterior half 
of sole 
Nipple well 
defined; 
areola 
smooth & 
flat, diameter 
<0.75cm 
Breast tissue 
on one or 
both sides, 
<0.5cm 
diameter 
Incurving of 
part of edge 
of pinna 
2 
Hair 
thinning. 
especially 
over lower 
back 
Definite red 
marks over 
>anterior Vi; 
indentations 
over 
<anterior Vs 
Areola 
stippled. 
edge not 
raised. 
diameter 
<0.75cm 
Breast 
tissue both 
sides; one 
or both 0.5 -
1.0cm 
diameter 
Partial 
incurving of 
whole of 
upper pinna 
3 
Small 
amount of 
lanugo and 
bald areas 
Indentations 
over 
>anterior Vz 
Areola 
stippled. 
edge raised. 
diameter 
>0.75cm 
Breast 
tissue both 
sides; one 
or both 
>1.0cm 
diameter 
Well-
defined 
incurving of 
whole of 
upper pinna 
4 
At least '/2 
of the back 
devoid of 
lanugo 
Definite 
deep 
indentations 
over 
>anterior Vz 
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Score 
Ear 
firmness 
Genitals 
male 
Genitals 
female 
(with hips 
V2 abducted) 
0 
Pinna soft. 
easily 
folded, no 
recoil 
Neither 
testis in 
scrotum 
Labia 
majora 
widely 
separated, 
labia 
minora 
protruding 
1 
Pinna soft. 
easily folded. 
slow recoil 
At least one 
testis high in 
scrotum 
Labia majora 
almost cover 
labia minora 
2 
Cartilage to 
edge of 
pinna, but 
soft in 
places, 
ready recoil 
At least one 
testis right 
down 
Labia 
majora 
completely 
cover labia 
minora 
3 
Pinna firm. 
cartilage to 
edge. 
instant 
recoil 
4 
! 
Neurological 
Posture 
Square 
window 
signs 
Legs 
extended 
Beginning of 
flexion of 
hips and 
knees, arms 
extended 
Stronger 
flexed legs. 
arms 
extended 
Arms 
slightly 
flexed, legs 
flexed and 
abducted 
Full flexion 
of arms 
Observed with infant quiet and in supine posifion 
90" 60° 45" 30" 0" 
The hand is flexed on the forearm between the thumb and the finger of 
the examiner. Enough pressure is applied to get as full a fiexion as 
possible and the angle between the hypothenar eminence and the ventral 
aspect of the forearm is measured. 
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Score 
Ankle 
dorsiflexion 
Arm recoil 
Leg recoil 
Popliteal 
angle 
Heel to ear 
0 
90° 
1 
75° 
2 
45" 
3 
20" 
4 
0° 
The foot is dorsiflexed onto the anterior aspect of the examiner's thumb 
on the sole of the foot and other fingers behind the leg; enough pressure 
applied to get as full flexion possible and the angle between the dorsum 
of the foot and anterior aspect of the leg is measured. 
180° 90°-180° <90° 
With the infant in the supine position the forearms are flexed for 5 
seconds, then fully extended by pulling in the hands, and then released. 
The subsequent elbow angle is scored. 
180° 90°- 180° <90° 
With the infant supine, the hips and knees are fully flexed, then extended 
by traction on the feet and released. A maximum response to flexion of 
the hips and the knees. 
180° 160° 130° 110° <90" 
With the infant supine and its pelvis flat on the examining table, the 
thigh is held in the knee-chest poshion by the examiner's left index 
finger and thumb supporting the knee; the leg is then extended by gentle 
pressure from the examiner's right index finger behind the ankle and the 
popliteal angle is measured. 
Foot 
touches ear 
Knee held at 
right angles 
With the baby supine its foot is drawn as near to its head as it will go 
without forcing it. The distance between the foot and the head and the 
degree of extension of the knee are graded. 
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Score 0 1 
Scarf sign 
Head lag 
Ventral 
suspension 
Elbow 
reaches 
opposite 
axillary line 
Elbow 
between 
midline and 
axillary line 
Elbow 
reaches 
midline 
Elbow will 
not reach 
midline 
With the baby supine the infant's hand is pulled over the neck and as far 
posteriorly as possible around the opposite shoulder. 
Complete 
lag 
Partial head 
control 
Able to 
maintain 
head in line 
with body 
Brings head 
anterior to 
body 
With the baby lying supine, grasp the hands or arms and pull the baby 
slowly towards the sitting position, and observe the position of the head 
in relation to the trunk. 
Flexion of 
back and 
extension of 
arms and 
legs 
Extension of 
back and 
neck and 
flexion of 
arms and legs 
The infant is suspended in the prone posifion with the examiner's 
hand(s) under the infant's chest. 
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FETAL GROWTH ACCESSORY DATA 
Biparietal diameter summary 
Completed 
weeks 
gestation 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
Number 
22 
29 
29 
33 
27 
30 
16 
25 
28 
32 
23 
15 
26 
17 
26 
26 
32 
27 
32 
26 
32 
34 
53 
27 
20 
8 
3 
Mean 
28.41 
31.93 
35.72 
39.30 
42.59 
45.60 
48.94 
52.04 
55.04 
58.16 
61.39 
64.73 
67.04 
70.59 
72.58 
74.65 
78.41 
79.37 
82.13 
83.15 
86.75 
87.53 
89.17 
90.07 
90.55 
90.88 
90.67 
Standard 
deviation 
1.10 
1.83 
1.31 
1.31 
2.12 
2.28 
2.69 
1.95 
2.86 
2.59 
3.60 
2.87 
3.66 
4.42 
3.02 
2.97 
4.32 
3.72 
3.18 
3.68 
2.71 
6.01 
3.76 
5.32 
4.51 
2.75 
1.53 
Median 
28 
32 
36 
39 
43 
46 
48.5 
52 
55 
58 
62 
65 
67 
72 
73 
75 
78 
79 
82 
83 
86.5 
89 
89 
91 
91 
91.5 
91 
Kurtosis 
0.04 
-0.26 
-0.52 
-1.10 
0.10 
0.28 
-1.27 
-0.27 
-0.59 
2.02 
-0.84 
-1.28 
0.35 
-0.30 
-0.26 
-0.42 
-0.03 
-0.27 
0.43 
0.96 
-1.27 
3.98 
0.48 
-0.30 
0.69 
2.98 
0 
Skewness 
0.73 
0.22 
0.04 
0.28 
-0.23 
0.22 
0.17 
0.05 
-0.21 
0.45 
0.27 
-0.05 
0.38 
0.17 
-0.32 
-0.12 
-0.39 
-0.50 
-0.63 
-0.43 
0.03 
-1.59 
-0.46 
-0.27 
-0.60 
-1.48 
-0.94 
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Abdominal circumference diameter summarv 
Completed 
weeks 
gestation 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
Number 
13 
26 
24 
30 
24 
26 
16 
25 
28 
32 
23 
15 
26 
17 
26 
26 
32 
27 
32 
26 
32 
34 
53 
27 
20 
8 
Mean 
87.00 
95.38 
109.00 
120.03 
128.25 
141.77 
154.56 
168.84 
178.07 
191.22 
199.39 
207.60 
214.77 
230.18 
238.00 
247.81 
256.91 
267.52 
279.75 
286.31 
302.66 
307.47 
315.83 
318.04 
324.70 
344.25 
330.00 
Standard 
deviation 
5.52 
5.59 
6.39 
7.81 
7.22 
7.83 
9.61 
13.07 
10.80 
12.17 
9.35 
15.05 
14.91 
8.87 
16.31 
11.73 
11.93 
16.69 
18.14 
17.71 
20.50 
26.38 
22.31 
20.66 
19.31 
22.41 
29.10 
Median 
86 
93 
109 
121 
127.5 
139.5 
154.5 
170 
178.5 
192 
201 
204 
214.5 
229 
236.5 
247.5 
260 
267 
276 
286 
300 
309.5 
317 
316 
320 
338.5 
341 
Kurtosis 
-1.07 
0.74 
1.06 
1.46 
-0.83 
1.26 
-0.08 
-0.57 
-0.82 
-0.76 
-0.35 
-0.13 
0.57 
-1.15 
0.86 
0.32 
1.72 
0.93 
0.59 
-0.22 
0.96 
-0.46 
0.66 
-0.49 
-0.54 
-0.88 
0 
Skewness 
0.19 
0.87 
-0.33 
-0.68 
-0.28 
1.06 
0.17 
-0.32 
-0.34 
-0.36 
0.01 
0.65 
-0.32 
0.23 
-0.15 
-0.13 
-0.83 
0.51 
0.84 
0.11 
0.45 1 
1 
-0.25 
-0.32 
0.03 
0.77 
0.47 
-1.46 
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Femur length summary 
Completed 
weeks 
gestation 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
Number 
19 
29 
26 
31 
27 
27 
16 
25 
28 
31 
23 
15 
26 
17 
26 
26 
32 
27 
32 
26 
32 
34 
53 
27 
20 
8 
Mean 
16.00 
19.41 
22.15 
26.03 
29.70 
32.04 
36.25 
38.04 
41.11 
43.97 
46.13 
49.07 
50.42 
53.00 
54.77 
57.23 
58.44 
60.96 
63.63 
65.42 
67.03 
69.15 
70.72 
70.89 
73.90 
76.13 
74.00 
Standard 
deviation 
1.73 
1.86 
1.52 
1.74 
1.59 
2.08 
2.52 
2.26 
2.25 
2.40 
1.32 
2.81 
2.39 
3.26 
2.58 
2.79 
2.95 
3.17 
3.30 
3.14 
2.43 
4.21 
3.50 
3.66 
3.39 
2.85 
5.00 
Median 
16 
20 
22 
26 
29 
32 
37 
38 
41 
44 
46 
49 
50 
53 
55.5 
57 
59 
62 
64 
66 
67 
69 
70 
71 
74 
75 
74 
Kurtosis 
0.20 
0.64 
-0.29 
-0.91 
0.65 
-0.85 
-1.07 
2.70 
-0.82 
-0.09 
-0.10 
-0.04 
-0.30 
-0.72 
-1.13 
-0.04 
0.48 
0.29 
0.12 
-0.03 
-0.59 
4.03 
-0.02 
5.20 
0.50 
1.98 
0.00 
Skewness 
-0.43 
-0.05 
0.09 
0.11 
0.78 
0.08 
-0.55 
1.00 
-0.10 
0.44 
0.25 
0.28 
-0.16 
-0.43 
-0.37 
0.20 
-0.79 
-0.63 
-0.42 
-0.09 
-0.18 
0.93 
0.03 
-1.51 
-0.21 
1.36 
0.00 
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FROGS - The Development of a Specialist Outreach Service. 
Humphrey MD, Dudgeon GI and Smith WJ 
Aust Health Review, 1993, 16:268-272 
Care of Pregnant Aboriginal and Torres Strait Island Women 
Humphrey MD 
Perinatal Newsletter. 1994, 28:3-4 
The Beneficial Use of Risk Scoring in a Remote and High Risk Pregnant Population 
Humphrey MD 
Aust NZ J Obstet Gynaec, 1995,35:139-143 
The Obstetrics Manual (Book). 
Humphrey MD 
McGraw-Hill Book Company Australia Pty Ltd. (1995) (Reprinted 1999) 
Syphilis - alive and well as a cause of perinatal death (Letter to the Editor) 
Humphrey MD 
Med J Aust, 1996, 164:381-382 
Low Aboriginal Birthweight - Prematurity or Intrauterine Growth Restriction^ 
Humphrey MD 
Aust NZ J Obstet Gynaec, 1996; 36: 126-128 
Congenital syphilis: sfill a reality in 1996 
Humphrey MD and Bradford DL 
Med J Aust, 1996, 165:382-385 
Pregnancy Outcome Score - A Clinical Indicator of the Childbirth Process 
Humphrey MD and Humphrey EFG 
J Qual Clin Practice, 1997, 17: 103-108 
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Appendix 6 Relevant publications by author 
A prospective study of gestation and birthweight in Aboriginal pregnancies in Far 
North Queensland 
Humphrey MD and Holzheimer D 
ANZJOG, 2000; accepted for publication 
Fetal "growth" charts for Aboriginal fetuses 
Humphrey MD and Holzheimer D 
ANZJOG, 2000; in editorial review 
Differing influences on Aboriginal and Caucasian neonatal phenotypes 
Humphrey MD and Holzheimer D 
MJA, 2000; in editorial review 
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